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S O L U T I A
Applied Chemistry, Creative Solutions

Solutia Inc.

575 Maryville Centre Drive

St. Louis, Missouri 63141

P.O. Box 66760
St. Louis, Missouri 63166-6760

Tel 314-674-1000

March 30, 2001

Kevin Turner-Environmental Scientist, OSC (3 copies)
U. S. Environmental Protection Agency
8588 Rt. 148
Marion, IL 62959

Re: Sauget Sites Area I - May 31, 2000 Unilateral Administrative Order
Docket No. V-W-99-C-554
Dead Creek Sediments & Soils Removal / Containment
• Time Critical Removal Action Work Plan
• Revised Appendix D, "Containment Cell Design Report"

Dear Mr. Turner,

On May 31, 2000 the United States Environmental Protection Agency ("U. S. EPA")
issued a Unilateral Administrative Order ("Order") to Monsanto Company and Solutia
Inc. ("Solutia") requiring removal of soils and sediments from Dead Creek and placement
within a containment cell. On June 30, 2000 Solutia submitted for U. S. EPA's approval,
a Time Critical Removal Action Work Plan ("TCRAWP") pursuant to the Order and
containing a draft "Containment Cell Design Report" as Appendix D to the TCRAWP.

The U.S. EPA, Illinois EPA, Illinois DNR and U.S. Fish and Wildlife Service
("Agencies") have reviewed the TCRAWP submittal. After a series of Comments from
the Agencies, discussion meetings and Responses to Comments by Solutia, the Agencies
and Solutia came to resolution on all of the Agencies' comments. On March 5, 2001,
conditional approval of the TCRAWP and containment cell design was received from the
U. S. EPA. The approval was subject to the Agencies' concurrence that the final
TCRAWP Containment Cell Design Report accurately incorporated all of the agreements
generated by the Comments / Response-to-Comments process. It is Solutia's intent and
belief that this submittal of the revised Appendix D, "Containment Cell Design Report"
to the June 30, 2001 TCRAWP, incorporates all agreed-to modifications and additions to
the containment cell design.



On the basis of the conditional March 5, 2001 U. S. EPA approval of the TCRAWP and
containment cell design and in the interest of a timely and cost effective response, Solatia
has in good faith let a contract for construction of the cell. The selected contractor is
presently setting up site operations and mobilizing equipment and manpower to the field
in anticipation of the Agencies' final approval of the TCRAWP. Construction of the cell
will begin immediately upon receipt of final approval.

Solutia appreciates your prompt review and receipt of final approval. As we have
discussed, it is critical from both a cost and schedule standpoint that construction of the
cell begin without delay in order to fully utilize the 2001 construction season.

Sincerely,

D. M. Light _
Project Coordinator
Solutia Inc.

cc: (w/enclosure) cc: (w/o enclosure)

Robert Watson - IEPA Thomas Martin, Esq. - USEPA
Linda Tape, Esq. - Thompson Cobum Michael McAteer - USEPA
Mike Henry - IDNR
Kevin de la Bruere - U.S. F&WS



CERTIFICATION

In accordance with the Illinois Statutes, the attached Sauget Area 1 TSCA Containment Cell
Design Report for the Solutia Inc. Sauget Area I Superfund Site located in Cahokia, Illinois, was
prepared by others under the supervision and control of the undersigned Illinois Registered
Professional Engineer.

The attached final design report, specifications and construction quality assurance documents
were prepared by URS Corporation Southern (URS) within the limits prescribed by our client
using standard engineering procedures in a manner consistent with the skill and level of
professional care exercised by other professionals practicing in the same locality at the same
time under similar circumstances. Information provided to URS by client representatives, agents
and other consultants has been accepted in good faith and is assumed to be true and accurate.

/ M. 62-040635 }.; (\ ^ ~C

^ •'

Signed:
William L. Durbin, P.E.

Registered Professional Engineer
Illinois License No. (*>'!.-C^c

Date:

URS
Revision 1 04/02/01
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

PARTI: RESPONSE TO COMMENTS
1

2

3

Comment 14 : Appendix
7, Section 4, Page 4-3,
Subsection 4.1.3

Comment 15: Appendix
7. Section 4, Page 4- 13,
Subsection 4 5.3

Comment 16: Appendix
7, Section 5, Page 5-5,
Subsection 5.4 4

Please add a sentence to the text which stales the
depth the gas vents will penetrate the waste
material

Will any type of high walcr/leachate alarm be
installed in the sump area: If not, now will Solutia
check the leachate head level to determine when it
is time to pump? Please elaborate within the text.

Where does the storm water flow after it has
traveled down the paved downchute and into the
stilling basin? It appears from the drawing Cover
System Plan, Sheet C1.5 that nothing is
contemplated, f think it is best to direct the
surface water away from the containment cell and
either into Segment B or a storm sewer as soon as
possible Please indicate within the text and if
appropriate alter the drawing Cover System Plan,
Sheet C 1.5.

A sentence will be added at the end of Paragraph 2, Section 4 .1 .3 - Load on
Lining System and incorporated in the Work Plan as follows:

The vent system will allow generated gas to exit the cell without pressure
build up. Gas vents will penetrate a minimum of 18 inches into the
compacted sediments.

Paragraph 3 of Section 4.5.3 will be rewritten as shown below and
incorporated verbatim into the Work Plan.

The HELP model results indicate that leachate production will be
minimal after the cover system is in place. The transmissivity of the
sand, gravel and geonel layers are adequate to rapidly transmit the
leachate to the collection sump. Leachate level in the sump will be
monitored with a high level alarm. When high level conditions
occur, two actions will occur: 1 ) an alarm light visible from Judith
Lane will be activated, and 2) an auto-dialer will be activated and
notify the operator of the high level condition. Any liquids found in
the collection piping will be removed at that time and placed in
drums or tanks for disposal.

Paragraph 3 of Section 5.4.4 Drainage and Erosion will be modified as
follows and included in the Work Plan verbatim:

The downchute and stilling basin are designed to handle 14 cfs peak
flow. A drainage swale will be constructed north of the containment
cell to route stormwater from the stilling basin to Creek Segment B
which will be used to provide the stormwater detention required by
local and state regulation. The stormwater calculations for the cover
system are provided in Appendix D of the Design Report. The
revised Drawing Cl 5 is included as Attachment 2.

Paragraph 2, Section 4 .13

Added new Paragraph 4,
Section 4.5 3

Section 5.4 4 Replaced by Response to
Part III Comments

URS
Revision I dated 04/02/00



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

4

5

Comment
Number

Comment 17: Appendix
17. Figures 4-8 and 4-9:

Comment 18: Appendix
F:

IEPA Comment or Discussion of Response
Please add detail drawings for both the primary
and secondary riser which shows a cross section of
the sump and riser as the riser angles up the slope
to the top of the containment cell.

At the bottom of page 01010-4 the reference to the
Pcnsacola Plan! should be changed.

Solutia Response
Drawings showing cross sections of the sump and riser as the riser angles up
the slope of the containment cell will be prepared as included below and
included in the Figure's section of Appendix 7. These drawings are included
as Attachment 3 of this response to comments document.

The last paragraph on Page 01010-4 will be revised as follows and
incorporated into the Work Plan:

Contractor and all employees, subcontractors, supporting firms and
incidental labor shall meet Solutia's minimum safety requirements.

Design Report
Section(s) Modified

Added Figures 4-10
through 4-16 to the report

Specification section
changed

Comments

ims 1-2
Revision I dated 04/02/00
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

PART II: RESPONSE TO COMMENTS (NOVEMBER 3, 2000)
Comment :
Response to Comment

The response to these comments needs to include a
list of ilem-by-ilem responses (hat indicates how
each comment was addressed and where the
Design Report was revised in response to each
comment.

This Response to Comments (Part II) Document is intended to address this
comment. A response is given for each comment along with a commitment
to incorporate the response into the Design Report when it is accepted hy the
Agency.

Added comments Included as Section I of
the Final Design Report

Comment 2:
Format of Design Report
and Requirements in
Exhibit 2

In order to demonstrate that all of the requirements
in Exhibit 2 of the UAO are met, the Design
Report needs to include a table that clearly cross
references the requirements in Exhibit 2 with the
various Sections, and appendices in Appendix 7.

The following table will be incorporated
into Section 2.0, Introduction, of the
Design Report to demonstrale that all of
the requirements in UAO Exhibit 2 are
addressed.

Exhibit 2

I. Design, Construction and Operation
Requirements for Containment Cell
a. Sediment Description
b. Liner System

- Liner System Description

- Liner System Location Relative
to High Water Table

- Loads on Liner System

- Liner System Coverage

- Liner System Exposure
Prevention

c. Foundation
- Foundation Description
- Subsurface Exploration Data

Design Report

Note I

Section 4.1.1 Liner System
Description

Note 2

Section 4.3.2 Synthetic Liner
Strength

Section 4 1.4 Lining System
Coverage

Section 4.1.5 Lining System
Exposure

Section 3.0 Site Characterization
Section 3.3 Subsurface

Conditions

Section 2

URS 1-3
Revision I dated 04/02/00



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Res

Design Report
Section(s) Modified Comments

- Laboratory Testing Data
d. Engineering Analysis

- Settlement Potential

- Bearing Capacity
- Stability of Landfill Slopes
- Potential for Excess Hydrostatic

or Gas Pressure
e. Synthetic Liners

- General Information

- Synthetic Liner Compatibility
Data

- Synthetic Liner Strength

- Synthethic liner Bedding

f. Geocomposite Liner (GCL)
- Description

- Material Testing Data
- GCL Liner Compatibility Data
- GCL Liner Strength

g. Liner System, Leachate
Collection and Detection System
- System Operation and Design

- Equivalent Capacity

- Grading and Drainage

- Maximum l^eachate Head

- System Compatibility______

Section 3.2 Geotechnical Testing

Section 4.2.1 Settlement
Potential

Section 4.2.2 Bearing Capacity
Section 4.2.3 Cell Slope Stabil i ty
Section 4.2.6 Potential Excess

Pressure

Section 4.3.1 General
Information

Note 3

Section 4.3.2 Synthetic Liner
Strength

Section 4.3.3 Synthetic I.iner
Bedding

Section 4.4.1 General
Information

Note 3
Section 4.4 2 GCL Strength

Section 4.5.1 System Operation
& Design

Section 4.5.2 Equivalent
Capacity

Section 4.5.3 Grading and
Drainage

Section 4.5.4 Maximum
Leachale Head

Note 3

URS 1-4
Revision I ilalcd 04/02/W



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Res

- Stability of Drainage Layers

- Strength of Piping
- Prevention of Clogging

h. Liner System, Construction and
Maintenance
1. Material Specification

Synthethic Liner
Specifications
GCL Liner Specification

Leachate Collection/
Detection System

2. Construction Specifications

Liner System Foundation
GCL Liner
Synthetic Liner
Leachate Collection/
Detection System

i Construction Quality Control
Program

j Maintenance Procedures for
Leachate Collection/ Detection
System

k. Liner Repairs During Operation
1. Run-off Control Systems

Design an Performance

- Calculation of Peak F:low

jonse
Section 4.5.5 Stability of

Drainage Layers
Section 4. 5 6 Strength of Piping
Section 4 5. 7 Prevention of

Clogging

Section 6. 1.1 Material
Specifications

Section 6. 1.2 Construction
Specification

Appendix F and Appendix G

Note 4

Specification 02244

Section 5. 5.1 Design and
Performance

Section 5 5 1 . 1 Calculation of
Peak Flow

Design Report
Section(s) Modified Comments

URS 1-5
Revis ion 1 dated 04/02/00



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Res

Management of Collection and
Holding Units

- Construction
Maintenance

- Control of Wind Dispersal

2. Closure and Post-Closure
Requirements
a. Closure Requirements

1. Closure Plans
2. Closure Performance

Standards
3. Cover Design

4. Minimization of Liquid
Migration

5. Maintenance Needs
6. Drainage and Erosion

7. Settlement and Subsidence

8. Freeze/Thaw Effects

b. Post-Closure Requirements
I. Post-Closure Plan
2. Inspection Plan
3. Post-Closure Monitoring Plan
4. Post-Closure Maintenance

Plan
5 Notice in Deed and

Certification

x>nsc
Section 5.5. 1 .2 Collection &

Holding Units
Section 5.5.1.3 Construction
Section 5.5.1 4 Maintenance
Section 5.6 Control of Wind

Dispersal

Section 5 1 Closure Plans
Section 5. 2 Performance

Standard
Section 5.3 Cover System

Description
Section 5. 4. 2 Minimization of

Migration
Section 5.4.3 Maintenance Needs
Section 5.4.4 Drainage and

Erosion
Section 5.4.5 Settlement &

Subsidence
Section 5.4.6 Freeze/Thaw

Effects
Note 5

Design Report
Section(s) Modified Comments

URS 1-6
Revision I dated 04/02/00



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

Notes:

1) Time Critical Removal Action Work Plan, Section 3.0
Sediment Chemical Analyses and Bioassays

2) Time Critical Removal Action Work Plan, Section 28.
Groundwater levels

3) Compatibility tests are underway and scheduled to be
completed in late December 2000.

4) System is designed to minimize maintenance so
description of maintenance is needed.

5) Post-closure will be addressed in the O&M Plan which is
due 60 days after completion of cell construction.

Comment 3:
Figures in Appendix 7

If the Figures after 5-6 are redundant/extras, they
should be removed from the report. If they refer to
specific design issues not shown in the other
figures, they need to be specifically referenced in
the narrative portion of the design report.

Design drawings will be removed from the Design Report. F.xtra figures were
removed

Comment 4:
Previous Excavation of the
Site

Section 4.2.1 includes the statement "portions of
the site have apparently been previously excavated
for borrow material." These excavated areas need
to be identified on a scale topographic map of the
site. The document needs to indicate if these
excavated areas were filled in. If they were
backfilled, the fill material needs to be identified
and possibly sampled to determine its chemical
and engineering properties.

Paragraph 3 of Section 4.2.1, Settlement Potential, reads as follows.

"The proposed containment cell will be founded on the
existing foundation soils between 397 and 407 ft elevation
The ground surface elevation at the proposed site was
apparently about 407 ft. Portions of the site have been
previously excavated for borrow fill."

Nothing is known about the excavation history of the site When writing this
paragraph, the author was speculating as to the cause of a slope present on the
western edge of the containment cell area. This slope could be natural or it
could be man made. For this reason, the last two sentences of this paragraph
are speculative and will be removed from the Design Report.

Paragraph 3, Section 4.2.1

URS 1-7
Revision I dated 04/02/00
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Hem
Number

10

Comment
Number

Comment 5:
Section 4 I.I Liner System
Description

IEPA Comment or Discussion of Response
The document needs to identify the manufacturer.
product name, and include technical data sheets for
all components proposed for use in the bottom.
side, and cover systems. Wording which will
allow the use of materials from a different
manufacturer can also be included in the document
provided the alternate material has equivalent, or
better, characteristics/properties to the one
identified in the Design Report.

Solutia Response
Geosynthetic manufacturers and products will be identified in the Design
Report. Manufacturers technical data sheets will be included for all
geosynlhetic components including geomembrane. GCL, geotextile, geonet
and geogrid. These cut sheets are included as Attachment 1 of this Response
to Comments Document and will be included as Appendix H of the Design
Report. Paragraph 1 , Section 4.1.1, Description, of the Design Report will be
amended as shown below:

"The bottom liner system for the proposed containment cell
will be a multi-component composite lining with leachate
collection and leak detection layers. Figure 4- 1 shows the
proposed configuration of the bottom lining system A
description of the components is provided below in a
bottom to lop order. IIDPE membrane will be
manufactured by GSE, Serrott or equivalent.
Geotextile will be manufactured by Mirafi or
equivalent. Geonet and geonet will be manufactured by
Tenax or equivalent GCL will be manufactured by
CETCO, GSE, Serrot or equivalent. Manufacturers
technical data sheets for these geosynthetics are
included in Appendix II."

Design Report
Section(s) Modified

Section 4 1.1
Comments

Added Appendix II

URS 1-8
Revision I dated 04/02AK)
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solulia Response

Design Report
Section(s) Modified Comments

Comment 6:
Section 4.1.1 Liner System
Description

A geotexlile needs to be placed between the
capillary break layer (gravel) and subgrade for the
GCL. The geolextile needs to be thick enough
(and strong enough) to prevent the six-inch fill
layer from being pushed down into the gravel. The
document needs to provide the manufacturer,
product name, and specifications of this geotextilc.
It also needs to compare these specifications to the
conditions it will be exposed to in the l iner system
and demonstrate the geotextile will function as
intended.

A geotextile will be placed between the capillary break layer and the GCL
bedding layer to prevent intrusion of the latter into the former. Strength
calculations are included as Attachment 2 of this Response to Comments
Document and will be included in Appendix C, Liner System Component
Design, of the Design Report. Figures 4-1, 4-2 and 4-8 of the Design Report
wi l l include this geotexlile. Figures 4-1, 4-2 and 4-8 are in Attachment 3 of
this Response to Comments Document. Paragraph 4 of Design Report
Section 4.1.1 will be revised as shown below:

"After placing a geotexlile on top of the capillary break
layer, a 6-inch native fill layer will be pushed and tracked
into place over the capillary break layer. . . ."

Section 4.1.1

12 Comment 7:
Section 4.1.1 Liner System
Description

Uncompacted native fill or sand (in the case of the
cover system) will not form an adequate subgrade
for the GCL. The subgrade under the GCLs in the
bottom liner, on the side slopes, and in the cover
system all need to be constructed of soils that can
be formed into bedding layers capable of
supporting and protecting the GCL and other
layers in the liner system during the construction
process. For more specific requirements regarding
the density, moisture, and gradation specifications
required for the GCL bedding layer, refer to the
comments on the Earthwork Specification 02200
in Appendix E.

A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, wi l l be used for the geosynthetic
bedding layers in the liner system. It will also be included in Appendix E,
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, will be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers will be smooth with no ruts or sharp edges before,
during and after installation of the overlying geosynthetic material. They will
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Section 411 (Paragraphs
6 and 8)

URS 1-9
Revision I dated (M/02/tK)
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

13 Comment 8:
Section 4.3.1 Synthetic
Liners

The description of the HDPE geomembrane states
that it w i l l be smooth (not textured). It is
recommended that a textured geomembrane be
used to improve the structural s tabi l i ty of the liner
systems. If the geomembrane wil l be texlured, the
asperity height (height of the textured surface) also
needs to be indicated.

Textured geomembrane wi l l be used in liner system construction.
Manufacturer's technical data sheets are included in Attachment I of this
document and they will be included in Appendix H of the Design Report

Paragraph I, Section 43 .1 Secondary IIDPE liner
will be textured

14 Comment 9:
Section 4.1.1, Synthetic
Liners

The design report needs to demonstrate that the 12
inch soil layer in the primary liner system wil l
meet the HDPE geomembrane manufacturer's
bedding layer specifications. As part of this
demonstration, the design report needs to identify
the soil type and grain size distribution of this 12-
inch soil layer. This layer should be a clayey soil
compacted to at least 95% of the Standard Proctor
Density using ASTM D-689 and have a moisture
content at or near optimum.

A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, will be used for the geosynthetic
bedding layers in the liner system. It will also be included in Appendix E,
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, will be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers will be smooth with no ruts or sharp edges before,
during and after installation of the overlying geosynthetic material. They will
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Section 4.1.1 (Paragraphs
6 and 8)

URS
Revis ion 1 dated 04/02/00
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

15 Comment 10:
Section 4.1.1, Synthetic
Liners

The description of the primary liner states thai the
12-inch soil layer will not be installed on the side
slopes. The design report needs to indicate why
the design on the side slopes is different from the
bottom liner design and provide justification for
this design change. It is recommended that the
clay layer in the primary liner system continue up
the side slope.

A 12-inch soil layer can not be constructed on the side slopes of the
containment cell. Placing sediments directly on the side slope liner does not
create a problem unless there are materials present that could puncture the
liner system To insure that the side-slope liner system is not punctured,
excavated sediment in contact with the cell side slopes will be screened to
remove material larger than 2 inches including sticks, trash and sharp objects
While spreading sediments in the bottom of the cell, a bank of screened
sediment wil l be placed two to three feet high and two to four feet thick at the
toe of the slope This bank of screened sediment will protect the side-slope
liner system. When (he fill reaches the height of this bank, another one will
be constructed of screened sediment at the toe of the slope to protect the side-
slope liner system.

Section 5.0 of the Time Critical Removal Action Work Plan will be modified
by adding the paragraph shown below. This will ensure that sediments placed
against the cell side slopes will not puncture the liner system

To insure that the side-slope liner system is not punctured,
excavated sediment in contact with the cell side slopes wi l l
be screened to remove material larger than 2 inches
including sticks, trash and other sharp objects. While
spreading sediments in the bottom of the cell, a bank of
screened sediment will be placed two to three feet high and
two to four feet thick at the toe of the slope.

Specification 02225
(Section 3.3.F)

URS
Revision I dated (M/02/00
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

This bank of screened sediment will protect the side-slope
liner system. When the Till reaches the height of (his bank,
another one will be constructed of screened sediment at the
toe of the slope to protect the side-slope liner system.

This paragraph will be added at the end of Section 5.0, Sediment
Handling. Treatment and Dewalering Plan.

Specification 02225, Section 3. 3. F of the Design Report will be
modified as shown below. This will ensure that sediments placed
against the cell side slopes will not puncture the liner system.

F. Place screened sediment on the side slope lining to a
height of 2 to 3 ft. above the toe of the slope and to a
thickness of 2 to 4 ft. Screen these sediments to
remove materials 2 inches and larger including
sticks, trash and other sharp objects.

Design Report
Section(s) Modified Comments

URS 1-12
Revis ion I ilmcil <U«)2/(K)
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

16 Comment 11:
Section 4.1.1 Synthetic
Liners

The narrative states (and Figure 4-2 shows) that
wastes will be placed directly on lop of drainage
composite on the side slopes. This is significantly
different from the design of the leachate collection
system on the bottom liner. The design report
needs to indicate why the design of the leachate
collection system on the side slopes is different
from the bollom liner design and provide
justification for this design change. The 6-inch
sand protective layer over (he geotextile needs to
continue up the side slopes.

A 6-inch sand layer can not be constructed on the side slopes of the
containment cell. Placing sediments directly on the side slope liner does not
create a problem unless there are materials present that could puncture the
liner system. To insure that the side-slope liner system is not punctured,
excavated sediment in contact with the cell side slopes will be screened to
remove material larger than 2 inches including sticks, trash and sharp objects.
While spreading sediments in the bottom of the cell, a bank of screened
sediment will be placed two to three feet high and two to four feel thick at the
toe of the slope. This bank of screened sediment will protect the side-slope
liner system. When the fill reaches the height of this bank, another one will
be constructed of screened sediment at the toe of the slope to protect the side-
slope liner system.

Section 5.0 of the Time Critical Removal Action Work Plan will be modified
by adding the paragraph shown below to the end of this section. This will
ensure that sediments placed against the cell side slopes will not puncture the
liner system.

To insure that the side-slope liner system is not punctured,
excavated sediment in contact with the cell side slopes will
be screened to remove material larger than 2 inches
including slicks, trash and other sharp objects. While
spreading sediments in the bottom of the cell, a bank of
screened sediment will be placed two to three feet high and
two to four feet thick at the toe of the slope.

Specification 02225
(Section 3.3.F)

URS 1-13
Revision 1 dalcil 04/02/00
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Item
Number

17

18

19

Comment
Number

Comment 12:
Section 4.1.2 Liner System
Relative to High Water
Table

Comment 13:
Section 4.1.3, Loads on the
Liner System

Comment 14:
Section 4. 1.4, Figure 4-7,
Liner System Anchor
Detail

IEPA Comment or Discussion of Response

The report needs to include a geologic cross
section that shows the elevations of the landfill,
the formations under the unit, and the seasonal
fluctuations in the water table.

Calculations supporting the statements and
conclusions need to be included in the design
report and referenced in the narrative of Section
4.1.3. Each layer in the liner system needs to be
considered in the calculations, not just the HOPE
geomembrane.

The design report needs to justify the design of the
anchor shown in Figure 4-7. The report needs to
include estimates of the forces the landfill will
exert on the liners, and calculations that show that
the anchor will hold the liner in place.

Solatia Response
This bank of screened sediment will protect the side-slope
liner system. When the fill reaches the height of this bank,
another one will be constructed of screened sediment at the
toe of the slope to protect the side-slope liner system.

Specification 02225, Section 3.3.F of the Design Report will be modified as
shown below. This will ensure that sediments placed against the cell side
slopes will not puncture the liner system.

F. Place screened sediment on the side slope lining to a
height of 2 to 3 ft. above the toe of the slope and to a
thickness of 2 to 4 ft. Screen these sediments to remove
materials 2 inches and larger including sticks, trash and
other sharp objects.

A geologic section is included in Attachment 5 of this document and will be
included as Figure 3.4 of the Design Report.

Liner system load calculations are included as Attachment 6 of the Response
to Comments Document and will be included in Appendix C, Liner System
Component Design, of the Design Report.

Anchor system design calculations are included as Attachment 7 of the
Response to Comments Document and will be included in Appendix C. Liner
System Component Design, of the Design Report.

Design Report
Section(s) Modified

Added Figure 3-5

Added calculations to
Appendix C

Added calculations to
Appendix C

Comments

URS
Revision I dalcd 04/02/fK)
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Item
Number

20

Comment
Number

Comment IS:
Section 4.1.5, Liner
System Exposure
Prevention

IEPA Comment or Discussion of Response
Section 4.1.5 of Appendix 7 in the design report
does describe how the liner system (especially the
geomembrane layers) will be protected from the
wind. This can either be done by placing the
soil/sand layers on the geomembrane quickly (e.g.
same day) after it is installed, or by temporarily
placing sand bags on it.

Solulia Response
Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part I I I )

Design Report
Section(s) Modified Comments

URS
Revision 1 dated 04/02/00
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Hem
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

21 Comment 16:
Section 4.1.5, Liner
System Exposure
Prevention

22 Comment 17:
Section 30, Site
Characterization

Section 4.1.5 of Appendix 7 in the design report
needs to discuss the problems associated exposing
the GCL to moisture and describe how the GCL
wi l l be protected from hydrating before a uniform
confining weight (e.g. 6 inches of soil) can be
placed on it. Specifically, if the GCL is allowed to
hydrate (eg swell) without any weight on it, it
w i l l lose its structural integrity and need to be
replaced. To prevent this problem, the design
report needs to indicate that two things w i l l be
done Rrst, each GCL panel (in the bottom, sides,
and cover systems) needs to be covered with the
geomembrane the same day the GCL is installed to
protect it from precipitation and moisture in the
air.

Second, even after the GCL is protected from
precipitation by the geomembrane, it will continue
to hydrate by drawing moisture from the
underlying soil in the subgrade. Therefore, at least
6 inches of soil/sand need to be placed on the GCL
to provide uniform confining pressure on it before
it is allowed to hydrate beyond 100%. The
document needs to provide an estimate of how
long it will take the GCL to hydrate to 100'!?
(along with the justifications for this estimate), and
show that the construction schedule wil l be
sufficient to insure that adequate confining weight
is placed on the GCL within this timeframe.

Specification 02245, Geosynthetic Clay Liner, Section 3.3. Installation, A.7,
8, 9 and 10 require the following:

7. Do not place GCL in the rain or at time of impending
rain

8. Do not place GCL in areas of ponded water
9. Replace GCL that is hydrated before placement of

overlying geomembrane
10. In general, only deploy GCL that can be covered

during that day by geomembrane or a minimum of
twelve (12) inches of approved cover soil.

These requirements, already in the specifications, address the first issue raised
in Comment 16. As for the second issue, the liner system will be built before
100% hydration of the GCL liner will occur. Technical information on GCL
hydration time is included in Attachment 8 of the Response to Comments
Document. This information demonstrates that the containment cell will be
built before complete GCL hydration occurs.

Included technical
information as Appendix I

The proposed location of the containment cell
needs to be shown relative to the borings on Figure
3-1.

Comment to be addressed in the December 29. 2000 Response to Comments
Document (Part III)

URS
Revision 1 dated 04/02/00
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Item
Number

23

24

Comment
Number

Comment 18:
Section 30, Site
Characterization

Comment 19:
Section 3.0, Site
Characterization

IKPA Comment or Discussion of Response
Geologic cross sections from the surface down to
the confining layer (bedrock) need to be provided.
The location and elevations of the proposed
containment cell needs to be shown on these cross
sections.

Piezometer PZ-I, and the three GB borings, all end
in the sand layer (either SM or SP). None of (he
borings continues to the top of a confining layer
(which may be bedrock at this site). The design
report needs to characterize the geology from the
surface down to the first confining layer. This
requirement can be met by either providing a the
boring log report for an existing boring near the
site that extends down to a confining layer, or by
installing an additional boring at the site that
extends a confining layer.

Solutia Response
Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part 111)

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part HI)

Design Report
Section(s) Modified Comments

URS
Revision I dated 04/02/rX)
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Hem
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

25 Comment 20:
Section 3 and Appendix A
in Appendix 7, Laboratory
Test Data

The following test results and information
regarding the soils under the site need to be
provided:

a. Unconfined compression test results
(shear strengths) for the upper clay layer,
the loose sand layer, and the dense sand
layer under the site.

b. Consolidation test results for the upper
clay layer, the loose sand layer, and the
dense sand layer under the site.

c. Hydraulic conductivity test results for all
soil strata under the site (the upper clay
layer, the silt layer, the loose sand layer,
and the dense sand layer).

d. The ASTM, EPA or other appropriate
standard methods used to perform the
tests needs to be identified in the
document.

Unconfined compressive strength and consolidation tests wil l be performed
on representative samples of the silly clay (CL) and sandy silt (ML) soils
found in shallow soils at the containment cell site. In addition, the hydraulic
conductivity of these soils will be determined by laboratory testing. ASTM,
EPA or other appropriate test methods wil l be used to perform these tests and
(he lest method will be included with the test results. These test results wi l l
be included in Appendix A, Site Characterization, of the Design Report

Unconfined compressive strength and consolidation tests can not be
performed on sand samples. While it is possible to perform laboratory
permeability tests on sand samples, the purpose of collecting this information
is unclear. Therefore, these tests will not be performed.

Section 3 and Appendix A

URS
Revision I dated IM/02AXI
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Item
Number

26

Comment
Number

Comment 21:
Section 4. 2.1, Settlement
Potential

IEPA Comment or Discussion or Response
The assumptions used to calculate differential
settlement are not acceptable. The settlement
under the landfill needs to be recalculated
considering the following comments:

a. Density and Soil Strata: The calculations
assume a single density for the soil and
then assume it is equal to the density of
the waste There are four different soil
strata under the site. The calculations
need to account for the characteristics of
each soil strata and each of the material
that is in the liner system In addition, the
calculations need to account for the
weight of the gravel or the liner materials.
Finally, the actual density (and moisture
content) of the sediments needs to be
determined and used in the calculations.

b. Base Elevations: The calculations assume
an initial flat surface elevation. However,
(he narrative stales the initial elevation of
the site varies by 10 feet. The
calculations need to account for the
change in elevation across the landfill
This is especially true if the elevation
change is because the surface layer (such
as the clay) was removed from a portion
of the site.

c. Settlement of Berms: The settlement
calculations consider the embankment
and fill areas separately However, the
discussion and calculations on differential
settlement need to clarify the way the

Solutia Response
Settlement calculations are included in Attachment 9 of this Response to
Comments Document and will be included in Appendix B. Foundation
Evaluation, of the Design Report.

Design Report
Section(s) Modified

Appendix B: Foundation
Evalatuion

Comments

URS
Revision 1 dated (M/02/00
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Hem
Number

Comment
Number IEPA Comment or Discussion of Response

d. entire landfill is expected to settle during
both its construction and later after it is
covered. Placement of wastes and the
cover system on the interior slopes of the
berms could also result in some amount
of settlement under the berms. Therefore,
the settlement calculations for the
embankments need to be provided for the
conditions both before, and after, the liner
and waste are placed in (he landfill.
Finally, the design report needs to discuss
how settlement of the berm relative to
settlement the waste and liner system will
impact the stresses placed on the
components in the liner system.

f. Maximum Differential Settlement: The
calculations assume an average fi l l
height, that the maximum settlement will
occur in the middle of the landfi l l , and
that the settlement at the edge is 2/3 of the
settlement in the middle. Differential
settlement calculations need to consider
the maximum elevation of the landfill.
where the maximum settlement is
anticipated, and compare this to the
location where the least amount of
settlement will occur. Figure 5-2 shows
the maximum elevation (~ 427') occurs in
the southwest quadrant, not the middle of
the landfill. The settlement under the
maximum elevation needs to be compared
to the settlement calculated under the
sump area in the northeast corner.

Solutia Response
Design Report

Section(s) Modified Comments

URS
Revision I dated (M/02AK)
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section's) Modified Comments

e. This comparison should give not only the
maximum differential settlement, hut also
identify if settlement wi l l negatively
impact the bottom slope or leachate
collection system.

f Calculations: The calculations used to
estimate the consolidation in the
computer model need to be provided with
justifications for all assumptions used in
the model.

27 Comment 22:
Section 4.2.2, Bearing
Capacity

Section 4.2.2 states that undrained shear strengths
were determined for the surficia! clays and silts.
However, the test results provided in Appendix B
show that clay only made up the top I inch (of a 6
inch sample) for one of the three unconfined
compression tests. Therefore, this section needs to
be revised to reflect that the undrained shear
strength is only known for the silts under the site.
Conversely, additional testing could be done on
the surficial clay to determine its undrained shear
strength (this is the preferred option).

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

28 Comment 23:
Section 4.2.2, Bearing
Capacity

Section 4 2.2 needs to provide justification for the
statement that the l imi t ing bearing capacity strata
was found to be (he surficial clays and silts Part
of this justification should include providing the
test results from all of the soil strata under the
proposed landfill site.

Comment to be addressed in the December 29. 2000 Response to Comments
Document (Part III)

URS
Revis ion I dated 04/02/00
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Item
Number

29

Ws^

Comment
Number

Comment 24:
Section 4.2.3, Containment
Cell Slope Stability

I ERA Comment or Discussion of Response
The narrative in this section is not adequate to
demonstrate the containment cell is designed with
an adequate factor of safely against slope failure.
The following issues need to be addressed:

a. References to Appendix B: Justifications
for the factors of safety discussed in
Section 4.2.3 are not provided. If these
values are based on (he computerized
slope stability analyses in Appendix B,
the narrative needs to reference this
information.

b. Equations and Calculations: All equations
and calculations used in the slope stability
analyses need to be provided. If a
computer program is used, the equations
that the program is based upon, the
assumptions used for each run, and a
copy of the program all need to be
provided.

c. Soil Strata Assumptions: The soil borings
in Appendix A show clay (CL), sill (ML)
and loose sand (SM) are present from the
ground surface down to approximately 10
feet However, the total Unit Weight and
Saturated Unit Weight were assumed to
be the same for each soil type modeled in
each computer run in Appendix B. The
document needs to justify assigning the
same values to different soil types (e.g.
provide soil analyses or refer to lest
results provided elsewhere in the
document).

Solutia Response
Factor of safety calculations on the liner system components are included in
Attachment 10 of the Response to Comments Document. These calculations
will be included in Design Report Appendix C - Liner System Components.
Shear box testing (undrained shear strength, ASTM Method D 5321-92) of
the GCL/geomembrane interface and the geoneiygeomembrane interface will
be conducted as part of conformance testing. These tests will be performed
30 days after the Notice to Proceed is sent to the cell construction contractor.
A new section, Liner System Shear Box Testing, will be added to the
Construction Quality Assurance Manual. It is included in Attachment 1 1 of
the Response to Comments Document. It will also be included in Appendix
F, Construction Quality Assurance Manual for Installation of Geosynthetic
Components, of the Design Report.

1-22

Design Report
Section(s) Modified

• Section 4. 2. 3
• Appendix C
• Appendix F (Section

2.2.2)

Comments
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Item
Number

URS

Comment
Number IEPA Comment or Discussion of Response

d. Friclion Angles: The slope stability
evaluation needs to calculate the required
interface angle that satisfies the required
factor of safety (FS) > 1 .5 (or as specified
in the regulations). This needs to be done
for the berms (both interior and exterior
slopes), all interfaces in the liner system.
and the cover system. When the liner
materials are delivered to the site they
need to be tested to verify the required
friction angles are achieved. In the case
of the soils in the liner and berms, once
they are compacted, they too need to be
tested to verify the required friction
angles are achieved.

e. Interface Friction Angle: This section
assumes an interface friction angle of 1 1
degrees between the geonet drainage
material and the HOPE liner. The data
and justification for this assumption need
to be provided.

f. Worst Case Interface: The document
needs to include an evaluation of the
interface friction angle between all
interfaces in the liner (bottom, side, and
cover) systems. Part of this evaluation
must be the identification, and
justification, of the two materials
determined to have the worst-case
interface friction angle. When an
interface involving a GCL is investigated.
the evaluation must consider the GCL is
hydraled to at least 100% and discuss
henlonile migration in the flC'I..

Solutia Response

1-23
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Hem
Number

30

31

Comment
Number

Comment 25:
Section 4.2.6, Potential for
Excess Hydrostatic or Gas
Pressure

Comment 26:
Section 7 Material
Compatibility Studies

IEPA Comment or Discussion or Response
g. Laboratory Testing of Liner Materials:

The interface friction angles between the
various layers in the liner systems
(bottom, side, and cover) should be
determined in the lab using a shear box
(ASTM D532 1-92), a large scale direct
shear box (ASTM D5321), or a ring shear
device (ASTM draft method). If an
alternate method is proposed, the
document must provide justification for
this method.

The design report needs to include calculations
demonstrate that the weight of the completed
landfill will be greater than the hydrostatic uplift
pressure.

This section needs to indicate the approximate date
the compatibility testing will be concluded and
results provided to USEPA and IEPA.

Solutia Response

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part HI)

Design Report
Section(s) Modified Comments

URS
R c x i s i i m I (lalcil 04/02/IXI
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Hem
Number

Commenl
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

32 Comment 27:
Section 4.3.2, Synthetic
Liner Strength

Section 4.3.2 makes a number of statements
regarding the strength of the liner that are not
justified in the narrative. The narrative needs to
provide specific numbers and refer to specific
calculations (not just the Appendix) and technical
data sheets on the materials in order to justify
conclusions such as the following:

• The synthetic linings in the containment
cell will not be subject to significant
tensile stresses.

• The side slope linings will not be
overslressed.

• The longitudinal seams are not expected
to be significantly loaded.

• The strain in the bottom lining due to
settlement is well within the elastic limit
for the HOPE lining.

• It appears the bottom linings will not be
overstressed

Commenl to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

URS
Revision I dated ()4/(>2/<X>
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Item
Number

33

Comment
Number

Comment 28:
Appendix C, Calculations
on Lining Tensile Strength

IEPA Comment or Discussion of Response
The calculations need to be revised as necessary to
address the following comments and provide
justifications for the assumptions:

a. The overburden stress should be
calculated using maximum thickness over
slope in order to determine (he worst-case
scenario, not the average.

b. The calculations need to discuss how the
liner's anchor figures into the calculation.

c. The document needs to provide
calculations for all materials in the liner
system, not just the HOPE geomembrane.

d. The justification for the interface friction
angle between HDPE & HOPE needs to
refer to the 1999 edition of Designing
with Geosynthetics.

e. The document needs to calculate the
interface friction angles that satisfy the
required factor of safety, and then verify
these values are not exceeded by testing
in the lab (see above comments on slope
stability analysis)

f. The stresses due to settlement do not
appear to be addressed in this calculation.
As part of this discussion, the document
needs to indicate whether the berms or
just the gravel and waste are expected to
settle (and how much) after the lining
materials are installed.

Solutia Response
Factor of safety calculations on the liner system components are included in
Attachment 10 of the Response to Comments Document. These calculations
will be included in Design Report Appendix C - Liner System Components.
Shear box testing (undrained shear strength, ASTM Method D 5321-92) of
the GCL/geomembrane interface and the geonetygeomembrane interface will
be conducted as part of conformance testing. These tests will be performed
30 days after the Notice to Proceed is sent to the cell construction contractor
A new section. Liner System Shear Box Testing, will be added to the
Construction Quality Assurance Manual. It is included in Attachment 1 1 of
the Response to Comments Document. It will also be included in Appendix
F, Construction Quality Assurance Manual for Installation of Geosynthetic
Components, of the Design Report.

Design Report
Section(s) Modified

• Section 4.2 3
• Appendix C
• Appendix F

Comments

1IRS
Revision I dated 04/02/00

1-26



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

34

Comment
Number

Comment 29:
Section 4.3.3, Synthetic
Liner Bedding

IEPA Comment or Discussion of Response
Section 4.3.3 did not provide any type of
demonstration that sufficient bedding will be
provided both above and below the synthetic liners
to prevent rupture of the synthetic liner during
installation and operation he, thickness and
gradation).

Solutia Response
A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, will be used for the geosynthetic
bedding layers in the liner system. It will also be included in Appendix E,
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, will be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers will be smooth with no ruts or sharp edges before,
during and after installation of the overlying geosynthetic material. They will
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Design Report
Section(s) Modified

Section 4. 3. 3
Comments

URS
Revision I dated 04/02/00
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Item
Number

35

Comment
Number

Comment 30:
Appendix C, OCI. Load
Calculations

IEPA Comment or Discussion of Response
The calculations need to be revised as necessary to
address the following comments and provide
justifications for the assumptions:

a. The overburden stress should be
calculated using maximum thickness over
slope in order to determine the worst-case
scenario, not the average.

b The calculations need to discuss how the
GCL's anchor figures into the calculation

c. A more detailed description (with
calculations as necessary) needs to be
provided to justify the statements that the
entire downward force (T) must be
carried by the internal shear strength of
the GCL and that no tension is produced
in the GCL.

d. The document needs to describe how the
overburden weight is transferred through
the layers of the liner system above the
GCL Is the full tensile force (T) from
the overburden weight transferred to the
GCL, or was this a worst-case
assumption?

e. The calculations cite the CETCO Product
Manual, Direct Shear Test Data as a
source for an interface friction angle
between the GCL and soil of 31". A note
on the cover of this data summary clearly
states "This data is for informational
purposes only and is not intended to

Solutia Response
GCL load calculations are included in Attachment 12 of this Response to
Comments Document and will be included in Appendix C, Liner System
Component Design, of the Design Report. Liner system load calculations are
in Attachment 6 of the Response to Comments Document. Factor of safety
calculations are included in Attachment 10. Interface friction angles are
discussed in the Response to Comment 28. Settlement calculations are given
in Attachment 9.

Design Report
Sections) Modified

• Appendix B
• Appendix C

Comments

UPS
Revision I dated 04/02/IK)
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Item
Number

Comment
Number IEPA Comment or Discussion of Response

replace project specific interface testing.
which CETCO emphatically
recommends." Therefore, this source for
interface friction angles should not be
used for design purposes.

f. The document needs to calculate the
interface friction angles that satisfy the
required factor of safety, and then verify
these values are met by testing in the lab
(see above comments on slope stability
analysis).

g The stresses due to settlement do not
appear to be addressed in this calculation
As part of this discussion, the document
needs to indicate whether the berms or
just the gravel and waste are expected to
settle (and how much) after the lining
materials are installed.

Solutia Response
Design Report

Section(s) Modified
•

Comments

URS
Revision I dated 0-4/02/00

1-29



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

36 Comment 31:
Section 4.4.2, GCI.
Strength

Section 4.4.2 in Appendix 7 (page 4-10) slates "all
tensile stresses will be transferred through the
GCI. via the internal shear strength to the
underlying soil layers." Appendix C also states
that no tension is produced in the GCL However,
the Specification for GCLs (02245) in Appendix E
states the minimum friction angle for hydrated
GCL on a slope is 6°. This is less than the
interface friction angles above (11") and below
(31°) the GCL. Therefore, the GCL will not be
strong enough to transfer the tensile force to the
soils underneath it.

The conclusions in Section 4.4.2 and the
calculations in Appendix C need to be reevalualed
andyor additional documentation provided to
demonstrate the GCL is strong enough to support
the forces exerted on it.

Short term, long term and residual GCL strength calculations are included in
Attachment 12 of this Response to Comments Document and will be included
in Appendix C, Liner System Component Design, of the Design Report.

Section 4.4.2
Appendix C

URS
Revision I dated 04/02/1X)
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Hem
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Seclion(s) Modified Comments

37 Comment 32:
Section 4.5, Leachate
Collection System

The leachate collection system needs to be revised
to include the following features:

a The proposal to monitor leachate on a
monthly and then annual basis is not
adequate to demonstrate that leachate will
be removed from the landfill in a timely
manner. The leachate collection system
needs to include dedicated pumps,
sensors, and plumbing to insure that the
depth of leachate on top of the primary
liner never exceeds one foot. The system
pumps need to be automatically actuated
by the liquid level in the sump. The
system also needs to include a high level
alarm to inform Monsanlo/Solutia when
the liquid level is above the acceptable
elevation. The description of the system
needs to identify the type of alarm and
where the signal will be sent (e.g. the
security office at the W.G. Krummrich
Plant).

b Monsanto/Solutia may want to install an
actual sump for the leachate collection
system instead of just a gravel layer at the
bottom of the slope. A sump at a lower
elevation than the primary liner system
probably will be necessary in order to
meet the requirement to maintaining no
more than one foot of leachate on the
primary liner, and to accommodate the
technical requirements for the pumps.

Leachate-collection system design will be modified to include a high-level
alarm set to ensure that leachate levels in the leachate collection system are
one foot or less. When high level conditions occur, a warning light will be
activated at the containment cell and an autodialer will notify the O&M
contractor of the high level condition. A vacuum truck will then be used to
remove the leachate for off-site disposal. Operational experience will be used
to determine whether it is more cost effective to use a vacuum truck or a
permanent pumping system to remove the leachate. Dedicated pumps are not
considered necessary at this time because the volume of leachate that will be
generated is not known nor can it be estimated Riser and horizontal collector
pipes are sized to allow pump installation in the future.

Leachate collection system design modifications and details are included in
Attachment 13. Modifications include a high-level alarm, a collection sump
and a horizontal perforated pipe in the sump. These drawings will be
included in the Design Report as Figures 4-7 A, B, C, D, E. F, G and H.

Section 4.5.1
Added figures

Renumbered Figures 4-7
through 4-16 for clarity

URS 1-31
Revision 1 dated 04/02/00

'. intnr•(,.!•<,r,< tonnfr.4onrr.uisi irrl mil Iv^ri, P. t»"i H.-I..-i.1,.,,, „ i .1,



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Hem
Number

Comment
Number IEPA Comment or Discussion of Response

c. The elevation view(s) of the collections
sump need to show the elevations at
which the pump will turn on, turn off, and
when the high level alarm will be
actuated.

d. The collection sump should include
horizontal perforated pipes to house and
protect the suction hoses used to remove
leachate

e A description of why a perforated instead
of solid pipe will extend from the sump to
the surface of the landfill. A perforated
pipe should not be used outside of the
sump because it could become a conduit
for waste sediments to get into the sump
and clog it.

f. Detailed scale drawings (both plan and
elevation views) of the leachate collection
system and the leachate collection sump
need to be provided.

g. A more detailed description of how
liquids will actually be removed from the
sump also needs to be provided.

Solutia Response
Design Report

Section(s) Modified
•

Comments

URS
Revision I daled 04/02/M
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Item
Number

Comment
Number IEPA Comment or Discussion of Response ____ ___ ___ Solutia Response _______________

Section 4.5 4, Maximum Leachate Head, Paragraph 4 will be modified to
read:

The model results show the leachatc and leak production
rates fall substantially after the cover system is installed
over the cell. The leachate and leak production rates are
essentially zero after the cell water balance has reached
equilibrium. Some leachate production will continue for
several months after the cell is covered.

Leachate-detection system design wil l be modified to include a high-level
alarm set to ensure that leachate levels in the leachate detection system are
one foot or less. When high level conditions occur, a warning light will be
activated at the containment cell and an autodialer wil l notify the O&M
contractor of the high level condition. A vacuum truck will then be used to
remove the leachate for off-site disposal. Operational experience will be used
to determine whether it is more cost effective to use a vacuum truck or a
permanent pumping system to remove the leachate. Dedicated pumps are not
considered necessary at this time because the volume of leachate that will be
generated is not known nor can it be estimated. Riser and horizontal collector
pipes are sized to allow pump installation in the future.

Leachate detection system design modifications and details are included in
Attachment 13. Modifications include a high level alarm, a collection sump
and a horizontal perforated pipe in the sump. These drawings w i l l be
included in the Design Report as Figures 4-7 A, B, C, D, E, F. G and H.

Leachate collection, leachate detection and capillary break sumps are located
in a vertical l ine as shown in the Attachment 13 drawings.

Design Report
Seclion(s) Modified Comments

38 Comment 33:
Section 4 5. l^achale
Detection System

The design report needs to address the following
comments regarding the leachate detection system:

a. The design report needs to describe how
the detection system wi l l function to
detect any leakage through either liner in
a timely manner. The proposal to
monitor leachate on a monthly and then
annual basis is not adequate to make this
demonstration. To insure the leachate
detection system will detect (and is able
to remove) leachate in a timely manner,
the system needs to include liquid
sensors, level actuated pumps, etc.

b. The detection sump should include
horizontal perforated pipes to house and
protect the suction hoses used to remove
leachate.

c. Detailed scale drawings (both plan and
elevation views) of the leachate detection
system sump need to be provided.

d. A more detailed description of how
liquids wil l actually be removed from the
sump also needs to be provided.

e. The design report should include some
discussion of why the leachate collection,
detection, and capillary break sumps are
located in separate areas instead of a
vertical line.

Added paragraph to
Section 4.5.4
Modified Section
4.5.1
Added figures

Renumbered figures 4-7
through 4-16 for clarity

URS 1-33
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

39 Comment 34:
Section 4.5, Capillary
Break Layer

The design report needs to address the following
comments regarding the capillary break layer:

a. Detailed scale drawings (both plan and
elevation views) of the capillary break
sump need to be provided.

b. A more detailed description of how
liquids will actually be removed from the
sump also needs to be provided.

c. The capillary break sump should include
horizontal perforated pipes to house and
protect the suction hoses used to remove
leachate.

d. At a minimum, the capillary break layer
needs to include sensors and an alarm to
inform Monsanlo/Solutia when the liquid
level in this layer is above a specified
elevation The narrative needs to identify
this elevation, and include justification
for it. The description of the system
needs to identify the types of sensors and
alarm, and where the signal will be sent
(eg. the security office at the W.G.
Krummrich Plant).

Capillary break layer design will be modified to include a high-level alarm set
to ensure that leachate levels in the capillary break layer are one foot or less.
When high level conditions occur, a warning light wil l be activated at the
containment cell and an autodialer will notify the O&M contractor of the high
level condition. A vacuum truck will then be used to remove the leachate for
off-site disposal. Operational experience will be used to determine whether it
is more cost effective to use a vacuum truck or a permanent pumping system
to remove the leachate. Dedicated pumps are not considered necessary at this
time because the volume of leachate that will be generated is not known nor
can it be estimated. Riser and horizontal collector pipes are sized to allow
pump installation in the future.

Capillary break layer design modifications and details are included in
Attachment 13. Modifications include a high level alarm, a collection sump
and a horizontal perforated pipe in the sump. These drawings will be
included in the Design Report as Figures 4-7 A, B, C, D, E, F, O and H.

Section 4.5.1
Added figures

Renumbered figures 4-7
through 4-16 for clarity

URS 1-34
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

40 Comment 35:
Section 4.5.2, Equivalent
Capacity

Section 4.5 2 only states that the geonet
Iransmissivity will be greater than 12 inches of
sand with a hydraulic conductivity of I x 10!

cm/sec. It needs to refer to copies of
manufacture's data sheets provided for the geonet,
and calculations that demonstrate this statement is
correct.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Pan I I I )

41 Comment 36:
Section 4.5.3, Grading and
Drainage

This section needs to include additional detail
regarding the grading and drainage for the
proposed landfill. Specifically:

a. The description of the leachate collection
system needs (o include a demonstration
of why perforated pipes are not included
as part of the lateral leachate collection
system on the bottom of the landfill.

The narrative needs to discuss how the collected
leachate will be disposed. Indicate the appropriate
permits which will need to be obtained. As a
newly generated waste, Monsanto/Solutia will
need to determine if it is a hazardous waste. If it is
a hazardous waste, storage of it for greater than 90
days is subject to the RCRA storage requirements.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part I I I )

URS
Revision I dated 04/02/00

1-35



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

42

Comment
Number

Comment 37:
Section 4.5.4. Maximum
Leachate Head

IEPA Comment or Discussion of Response
This section needs to provide the following
information to clarify the conclusions in the
document:

a. Cross sections that identify each of the
layers in both HELP models.

b. Justifications for the assumptions used in
the HELP models. For example, when
the amount of leachate the sediments will
generate is estimated, the report should
include lab data from the Held and
bench/pilot scale tests regarding the
moisture content of the sediments and
descriptions the physical processes that
will be used to dewater them before they
are placed in the landfill.

c. A description of why Layer 6 (waste
sediments) is not included in the HELP
model for the closed landfill, and why the
average head on top of Layer 8 (the
primary liner) is indicated to be 0.000 for
each year. Thus, it appears the model
assumes that all liquids will be squeezed
out of the sediments during construction
of the landfill, and no precipitation gets
through the cover system. The report
needs to provide additional discussion and
justification for this assumption

Solutia Response
Comment to be addressed in the December 29, 2000 Response to Commenis
Document (Part III)

Design Report
Section(s) Modified Commenis

DPS
Revision I dated 04/02/00
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

Comment 38:
Section 4.5.7 Prevention i
Clogging

The following information regarding geotextiles
needs to be included in Ihe report:

a. A sieve analysis of (he waste material
needs to be performed on both the
sediments and the soil used in the primary
l iner system. This data then needs to be
compared to the technical data sheet for
the OCl. This is necessary in order to
demonstrate the weight and apparent size
opening (AOS) of the geotextile(s) is
adequate for the design and wi l l not clog.

b. Describe how clogging would be detected
and what cleanup procedures would be
used to restore the capacity of the
systems.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

44 Comment 39:
Testing of Liner Materials

Appendices E, F and G of Appendix 7 need to be
revised include testing Ihe liner materials in a
shear box to verify the internal and interface
friction angles for the materials are sufficient to
meet the factor of safety required for the design.

Shear box testing (undrained shear strength, ASTM Method D 5321-92) of
Ihe GCL/geomembrane interface and the geonet/geomembrane interface will
be conducted as part of conformance testing. These tests will be performed
30 days after the Notice lo Proceed is sent to the cell construction contractor.
A new section, Liner System Shear Box Testing, will be added to the
Construction Quality Assurance Manual. It is included in Attachment 11 of
the Response lo Comments Document. Il will also be included in Appendix
F, Construction Quality Assurance Manual for Installation of Oeosynthetic
Components, of the Design Report

Section 4.2.3
Specifications

- 02244
- 02245
- 02246

Appendix F

URS 1-37
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Item
Number

45

Comment
Number

Comment 40:
Specification 0101 0
Summary of Work, Section
1. 3. B.2. Principal Work
Items to be Performed by
Contractor

IEPA Comment or Discussion of Response
This subsection does not include the placement of
the soil layer directly below the primary
geomembrane liner. It also will need to be revised
to include installation of the geotextile this
reviewer recommends be placed between the
gravel capillary break layer and the GC'L bedding
layer

Solutia Response
Installation of a soil layer below the primary geomembrane liner and
installation of a geolextile on top of the capillary break layer will be added to
Specification 01010. The list of principal work items included in Section
I.3.B.2 will be modified as shown below:

• Mobilization to site
• Site preparation to include clear and grub, borrow area development.

erosion control, haul road development and stormwater management
measures

• Perimeter berm construction
• Construct capillary break ground layer and sump
• Construct tracked in place soil layer
• Install geotextile
• Install geosynlhelic clay liner
• Secondary geomembrane installation
• Secondary leachate collection system installation including sumps

and riser pipes
• Constructed tracked in place soil layer
• Install primary geomembrane layer

A specification for the geotextile placed between the capillary break layer and
the GCL bedding layer will be developed and added to the Technical
Specifications. It is included in Attachment 14 of this Response to
Comments Document and will be added to Specification 02242 of the Design
Report.

Design Report
Section(s) Modified

Specification 01010
(Section I.3.B.2)

Comments

URS
Revision I dated 04/02/00
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Hem
Number

46

Comment
Number

Comment 41:
Specification 02 1 50,
Stormwater Control During
Construction; Section 3.2
Oroundwaler Control

IEPA Comment or Discussion of Response
Groundwater in the area of the proposed
containment cell may be contaminated with
hazardous constituents from other sites in the area
such as Site O. Therefore, this subsection needs to
specify (hat collected groundwaler will be tested to
determine if it contains hazardous constituents,
and/or is a hazardous waste. In addition, because
it is not acceptable to manage contaminated
groundwater the same way as uncontaminated
stormwater. Specification 02150 needs to include
procedures for handling groundwater that is
determined to be contaminated with hazardous
constituents.

Solutia Response
Specification 02150, Section 3.2.B will be modified as shown below to
indicate that the contractor must test collected groundwater and dispose of it
in a manner consistent with the relevant and appropriate regulations:

B. Collected groundwaler must be stored and tested by the
Contractor to determine if it contains hazardous
constituents and/or is a hazardous waste. After testing,
the collected groundwater must be disposed in a
manner consistent with relevant and appropriate
regulations.

This revision will be incorporated verbatim into Section 3.2.B. Groundwaler
Control, of Specification 02 1 50.

Design Report
Section(s) Modified

Specification 02 150
(Section 3 2.B)

Comments

URS
Revision I dated 04/02/W
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Item
Number

47

Comment
Number

Comment 42:
Specification 02200,
p.arthwork. Section 2.3 Fill
Material, and Section 3.6,
Placement

1EPA Comment or Discussion of Response
These specifications need to be revised to address
the following comments:

a. Specification 02200 needs to include
separate specifications for the bedding
layer that will be placed under the GCL
The same specifications need to be
applied to the soil layers under GCLs in
Ihe bottom, sides and cover systems
because the goal of providing an adequate
base for the CJC'L, and the rest of the liner
system, is the same in each case. (Note:
Specification 02200 currently does not
include/address the layer under the GCL
in the cover system.]

b. In the case of the Compacted Fill, the top
I + foot on (he inside of Ihe berm needs to
meet the specification for the GCL
bedding layer since this is the soil that
will be in contact with the GCL. For the
layers under the GCL in bottom liner and
the cover system, the entire depth of these
layers needs to meet the specification for
the GCL bedding layer identified below.

c. It is not acceptable to simply specify the
soil types for the subgrade layers under a
GCL as proposed in Section 2.3. The
gradation of the soil, density, and
moisture content all need to be specified
(possibly in Section 36) in order to insure
the soil will provide an adequate bedding
layer for the GCL.

Solutia Response
A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, will be used for the geosynlhetic
bedding layers in the liner system. It will also be included in Appendix E.
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, will be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers will be smooth with no ruts or sharp edges before.
during and after installation of Ihe overlying geosynthetic material. They will
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Design Report
Section(s) Modified

Specification 02200
- Section 2. 3 B. 3
- Section 3.6.C.8

Comments

URS
Revision I dated 04/02/00
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

As stated earlier in the commenls on
Section 4.1.1 regarding the subgrade
under the GCL, the subgrade needs to be
constructed of a soil that will provide a
firm bedding layer that will be rolled
smooth. In addition, this bedding layer
must be able to retain these characteristics
throughout the construction process.
Therefore, it is recommended that the
bedding layer under all OCLs be
constructed of soil with:

i. 100% of the particles having a
maximum dimension not greater than
2 inches,

ii. Not more than 10% of the particles,
by weight, having a dimension
greater than 0.75 inches,

iii. Not less than 50% of the particles, by
weight, passing through the 200
mesh sieve, and

iv. Not less than 25% of the particles, by
weight, having a maximum
dimension not greater than 0.002
millimeters.

The bedding layer under a GCL needs to
be compacted to at least 95% of the
Standard Proctor Density using ASTM D-
689, have a moisture content at or near
optimum, and be smooth rolled so that
there are no sharp edges or protruding
objects in the surface.

All of these specifications need to be
included in Specification 02700______

IJRS
Revision I dated 04/()2/(X
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Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

48 Comment 43:
Specification 02200,
Earthwork. Section 2.3 Fi
Material

The specifications for Protective Fill need to be
revised to specify the protective fill in contact with
the GCl. shall not contain dirt clods greater than 2
inches

A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, will be used for the geosynthetic
bedding layers in the liner system. It will also be included in Appendix E,
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, will be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers will be smooth with no ruts or sharp edges before,
during and after installation of the overlying geosynthelic material. They wil l
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Specification 02200
- Section 2.3.B.3
- Section 3.6.C 8

The specifications for each soil layer in the
bottom, side, and cover systems need to refer back
to the cross section details that describe the
relative locations of these layers (e.g. Figures 4-1,
4-2, and 5-2). In addition, the specifications (and
(he CQAP in Appendix O) need to indicate that the
thicknesses shown in the figures are the
compacted thicknesses of the layer.

49

50

Comment 44:
Specification 02200,
Earthwork, Section 2.3 Fill
Material

Cross-referencing the Design Report, design drawings and the specifications
creates the potential for conflicts among the various documents. This is turn
creates problems for the Owner and the Contractor. Order of document
precedence will be set out in the bid package and will be used to determine
which document governs a particular situation. Cross referencing disrupt this
order of precedence.

A note will be added to Design Report Figures 4-1, 4-2, 4-7 A, B.C. D. E, F,
G and H and 5-2, to indicate that thicknesses are compacted thicknesses
Revised figures are included in Attachment 15 of this Response to Comments
Document.

Modified figures - added
note

Comment 45:
Comments on
Specification 02200,
Earthwork, Section 2.4,
Equipment_______

This section needs to include specifications for the
equipment used to smooth roll the soil used for the
GCL. subgrade.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

URS 1-42
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Item
Number

5 L

Comment
Number

Commeni 46:
Specification 02200,
Earthwork, Section 3.6,
Placement

IEPA Comment or Discussion of Response
This section needs to be revised to address the
following comments:

a. Section 3. 6. A. 4. slates that "differences in
elevation for materials placed and
compacted shall not exceed four feet . . ."
Since material should not be placed in
lifts in excess of eight (8) inches, this 4
foot difference seems excessive. The
basis for a four (4) foot difference needs
to be provided, and the specification
revised as necessary to clarify its intent.

b. Section 3.6.B.9. states lift thickness shall
be controlled by the contractor through
the use of grade stacks. This by itself is
not adequate. The maximum depth of a
loose lift needs to be specified in the
specification: In general, the maximum
depth of a loose lift should not be greater
than eight (8) inches.

c. Section 3.6.C.8 states the density of the
tracked in place soil shall be no less than
90"* of the maximum Standard Proctor
dry density. However, other parts of the
document state this layer will not be
compacted. The portions of the Design
Report that discuss this soil layer need to
be revised as necessary to insure the
document is consistent.

Solutia Response
Commeni to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Design Report
Section(s) Modified Comments

URS
Revision I dated 04/()2/<H>
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Number

52

53

54

Comment
Number

Comment 47:
Specification 02200.
Earthwork, Section 3.10,
Quality Control

Comment 48:
Specification 02225,
Sediment Material
Handling, Section 33,
Placing and Spreading
Sediments

Comment 49:
Specification 02227,
Geogrid Reinforcement,
Section 2.3, Geogrid

IEPA Comment or Discussion of Response
Item A. 10 requires data to be sealed by a Florida
registered P.E The section needs to be revised to
reference an Illinois registered P.E. In addition,
URS/ Monsanlo/Solutia need to review the entire
document to insure references to Florida
requirements are removed from the document

This specification needs to state that sediments
will not be placed in the cell from the top of the
berms and/or pushed down the side slopes. This
type of filling procedure should be avoided
because it can damage the side slope liner system.
Sediments (wastes) should only be placed on the
bottom of the landfill and pushed toward the side
slopes.

The use of "Geogrids" is not identified in the
Figures provided in the Design Report. Details of
how and where they will be used on the access
ramp and cover need to be provided with the
Figures in the Design Report.

Solutia Response
Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Excavated sediments will be transported to the cell by truck. Trucks will use
a ramp constructed inside the cell to transport sediments to the bottom of the
cell. After the sediment is dumped, a bulldozer or other suitable equipment
will be then used to spread the material. Section 3.3, Placing and Spreading
Sediments, of Specification 02225, Sediment Material Handling, will be
amended to include the following statements:

M. Contractor shall not place sediment in the cell from the
top of the berms or by pushing sediment down the side
slopes.

N. Contractor will place sediments only on the bottom of
the cell and push them toward the side slopes.

These changes will be incorporated into the Design Report verbatim.

Drawings showing geogrid use are included in Attachment 16 of this
Response to Comments Document. They will be included in the Design
Report as Figures 4-9 and 4-10.

Design Report
Section(s) Modified

Specification 02225
(Section 3.3)

Added figures

Comments

Renumbered figures 6- 1
and 6-2

URS
Revision I dated 0-1/02/00
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

55 Comment 50:
Specification 02244,
Geomembrane

The Installation Panel Layout Drawing referenced
in Specification 02244 that identifies the
placement of the geomembrane panels needs to be
provided as part of Design Report.

Panel layout drawings will be prepared by the Contractor and submitted to the
Agency 30 days prior to the start of liner installation. This information w i l l
also be included in the record drawings for the cell. Preparation of these
drawings by the Design Engineer is not appropriate because it removes the
Contractor's obligation to install the liner according to the design and
specifications.

Specification 02244, Section 1.5, Submittals, will be modified as shown
below and incorporated in the Design Report:

F. Installation Panel Layout Drawing identifying placement
patterns and seams, both fabricated (if applicable) and field
seams, as well as any variance or additional details which
deviate from the Drawings. Layout shall be drawn to scale
and shall be adequate for use as the construction plan, and
shall include information such as dimensions, panel
numbering, and installation details. The Engineer shall
review all Panel Layout Drawings prior to installation.
Panel Layout Drawings, as prepared by the Contractor
and reviewed by the Engineer, shall be submitted to
USEPA 30 days prior to liner installation.

Specification 02244
(Section I.5.F)

URS 1-45
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

56 Comment 51:
Specification 02244.
Geomembrane

Specification 02244 needs lo be revised to indicate
that the HOPE geomembrane wi l l be tested to
verify it meets the min imum values for all of the
parameters using the lest methods and at the
frequencies specified in the GRI standard GMI3
(Rev 3. June 28, 2000). Table Ma) from G M I 3
that specifies the properties, lest methods,
minimum values, and frequencies is included as an
attachment to Ihese comments. Note: The values
listed in the tables of GMI3 are to be interpreted
according lo the designated test method. In this
respect they are neither minimum average roll
values (MARV) nor maximum average roll values
(MaxARV).

Specification 02244, modified lo include the lest methods and frequencies in
GRI Standard GMI3 (Rev. 3, June 28, 2000), is given in Attachment 17 of
this Response to Comments Document. It will be incorporated in the
Technical Specifications of the Design Report verbatim.

Specification 02244
(Section 2.2.1)

57 Comment 52:
Specification 02244,
Geomembrane, Section
2.4, Field Seams

Section 2.4 needs to specify that seams wil l be
welded by double tracked fusion welding
machines whenever possible. Corners, butt seams
and long repairs need to be fusion welded where
possible Extrusion or fusion welding should be
used for all other repairs, detail work and patches.

Section 2.4. A, Field Seams, of Specification 02244 wil l be changed to read as
follows and included in the Technical Specifications of the Design Report:

A. Approved processes for seaming are extrusion welding and
fusion double seam welding Fusion double seam welding
will be the primary method Tor joining long, straight
seams. Extrusion welding will be the primary seaming
method in areas such as corners, sumps, pipe
penetrations, tear repairs and cap strips where fusion
double seam welding is not feasible.

Specification 02244
(Section 2 4.A)

URS
Revision I clalcd 04/02/tX)
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Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

58 Comment S3:
Specification 02244.
Oeomembrane, Section
3.4, Deployment

Section 3.4 needs to specify that gcomembrane
panels wi l l be deployed on the side slopes the
same way the GCL is required to be deployed in
Specification 02245, by rolling them down the
slope in a controlled manner. Geomembrane
panels should not be pulled up the slopes.

Section 3.4.E, Deployment, of Specification 02244 will be rewritten as shown
below and included in the Design Report Technical Specifications:

E. Panels shall be oriented perpendicular to the line of (he
slope crest (i.e., down and not across slope), anchored
securely and deployed down the slope in a
controlled manner. Panels shall not be pulled up
the slope.

Specification 02244
(Section 3.4.E)

59 Comment 54:
Specification 02245, GCL,
Section 1.4 Delivery,
Storage & Handling

It is recommended that section 1.4 of Specification
002245 be revised to require rolls of GCL to be
stored off the ground on pallets from the time of
delivery unt i l they are installed

Section 1.4 B I, Storage and Protection, of Specification 02245 will be
revised as follows and included verbatim in the Technical Specifications of
the Design Report:

1. The Contractor shall provide on-site storage area for GCL
rolls from time of delivery until installation. Rolls of GCL
will be stored off the ground from time of delivery until
they are installed.

Specification 02245
(Section I 4.B.I)

60

61

Comment 55:
Specification 02245, GCL,
Section 2.1 Materials

If a "lock-stitched" GCL is the same as one that is
"needle-punched," the wording of this
specification should be revised to reference a
"needle-punched" GCL. If it is different, a copy of
the manufacture's product data sheet that describes
the process of creating a lock-stitched GCL needs
to be provided

Geosynthetic manufacturers and products will be identified in the Design
Report Manufacturers technical data sheets will be included for all
geosynthelic components including geomembrane, GCL, geotextile, geonet
and geogrid. These cut sheets are included as Attachment I of th i s Response
to Comments Document and will be included as Appendix H of the Design
Report.

Added Appendix H to
report

Comment 56:
Specification 02245, GCL,
Section 2.1 Materials

Table 1 needs to be revised to add the QC
properties, tests methods, and testing frequencies
specified in ASTM D-5889; Standard Practice for
Quality Control of Geosynthetic Clay Liners The
minimum value for each of these additional
properties also needs to be provided in the table.

Table I of Specification 02245 was modified to include the QC properties,
test methods and testing frequencies specified in ASTM D-5889. Minimum
values of these additional properties were also added to this table. Table I is
in Attachment 18 of this Response to Comments and wil l be included in
Specification 02245 of the Design Report.

Specification 02245
(Table I )

URS 1-47
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

62 Comment 57:
Specification 02245,
Section 2.1 Materials

The minimum internal friction angle for hydraled
GCL on a slope is identified as 6°. This is less
than the interface friction angles above and below
the (XT.. The specification for the minimum
internal friction angle for the GCI. should be
revised (increased), or additional information
provided to just ify this proposed minimum value
(see earlier comments on Section 4.4.2, GCL
Strength).

Short term, long term and residual GCL strength calculations are included in
Attachment 12 of this Response to Comments Document and will be included
in Appendix C, Liner System Component Design, of the Design Report.

Calculations added to
Appendix C
Specification 02245
(Table I)

63 Comment 58:
Specification 02245. GCL.
Section 3.3 Installation

The specifications for overlaps of GCL panels
need to state that the panels should be overlapped/
layered in such a way that any liquid will run from
one panel to the top of the next, rather than
underneath it

Section 3.3.B.2, Overlaps, of Specification 02245 will be amended as shown
below to indicate that the GCL layers need to be overlapped so that any liquid
will run from one panel to the top of the next. Placing GCL so that liquid
from one layer can run underneath a lower layer wil l be prohibited.

2. In general, no horizontal seams are allowed on side slopes.
Any horizontal seams on side slopes will be overlapped
so that liquid will run from the top of the higher panel
to the top of the lower panel. GCL shall not be placed
so that liquid from a higher panel can run underneath a
lower panel.

Specification 02245
(Section 3.3 B.2)

64

65

Comment 59:
Specification 02245, GCL,
Section 3.4 Anchor Trench

The Figures/details of the liner system show the
ends of the liner system laid out horizontally in the
berm. not in an anchor trench. The application
needs to be revised to consistently identify how the
liner system will be anchored. It is recommended
that an anchor trench be used to hold the liner
system in place.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Comment 60:
Specification 02245, GCI.

This specification does not include a section on
Quality Control.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part I I I )

URS
Revision 1 dated 1)4/02/1X1
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Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report
Section(s) Modified Comments

66 Comment 61:
Specification 02246,
Oeonel, Section 2.1

The table of geonel properties needs to be revised
to include transmissivity, the test method used to
measure this parameter, and the min imum
acceptable value. The frequencies for testing each
properly should also be added to the table

Geonet transmissivity values, test method and minimum acceptable values
were added to Specification 02246. Manufacturers specifications and testing
methods were also added to this table. The revised table is included in
Attachment 19 of this Response to Comments Document and wil l be included
verbatim in the Technical Specifications of the Design Report.

It is inappropriate to lest this material in the field since it will perform as
designed unless damaged. Visual inspection will be used to insure that
damaged geonet is not installed Specification 02246, Section 3.1, Geonet
Placement and Handling, will be modified to prohibit the use of damaged
geonet as shown below and included in the Technical Specifications:

A. Handle all geonet is such a manner as to ensure it is not
damaged in any way. Damaged geonet shall not be
Installed. If geonet is damaged during or after
installation, it shall be replaced.

Specification 02246
(Section 3.1.A)

67 Comment 62:
Specification 02932,
Seeding, Section 2.1 Seed
Mixture

This section specifies the use of Pensacola Bahia
seed and Bermuda grass seed on the cover of the
landf i l l . It is questionable whether these types of
grasses are acceptable for use in Illinois. The
vegetation specifications for this site should
required the seed mixture to conform to Ill inois
DOT Section 624.07 Seed Mixture Class 1
specifications, and include seeds such as Kentucky
Bluegrass, Perennial Ryegrass, Red Top or
Creeping Red Fescue, and Ladino or White Dutch
Clover.

Specification 02932 was changed to include grass seed mixes appropriate for
Illinois, specifically IDOT Section 250 Seed Mixture Class I. The revised
specification is included in Attachment 20 of this Response to Comments
Document and will be included in the Technical Specifications section of the
Design Report.

Specification 02932

68 Comment 63:
Gas Venting System

Appendix E and Appendix F do not appear to
include any specifications for the materials used to
vent gasses from the landfill, or the procedures to
install these devices through the cover system.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part HI)

URS
Revision I dated 04/02/IX)
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Item
Number

69

Comment
Number

Comment 64:
CQA Sampling

IEPA Comment or Discussion of Response
Because this landfill will be used to hold fairly
high concentrations of PCBs, organic wastes, and
heavy metals, it is very important that it is properly
constructed. Therefore, in addition to the
confirmation samples collected, analyzed and
interpreted by the Construction Manager, the CQA
consultant should be responsible for collecting and
interpreting his or her own samples from the soils
and liner materials used to construct the landfill.

Solutia Response
The Construction Manager is not collecting, analyzing and interpreting
confirmation samples. Implementation of the CQA Manual, which includes
collection, analysis and interpretation of samples from the soils and liner
materials used to construct the containment cell, is the responsibility of the
CQA Consultant. To ensure that the containment cell is properly constructed,
the CQA Consultant will implement the QCA Manual independent of the
Construction Manager. Manufacturer and Installer. However, the CQA
Consultant will report results to the Construction Manager, Designer and
Owner. These reporting relationships are discussed in the response to
Comment 65 below.

Design Report
Section(s) Modified Comments

No action required

URS
Revision 1 dated 04/()2/(X)
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Item
Number

70

Comment
Number

Comment 65:
Quality Control or Quality
Assurance

IEPA Comment or Discussion of Response
The Construction Quality Assurance Programs,
and the Specifications to some extent, need to be
revised to belter define the rolls of the
Construction Manager and CQA Consultant:

a. An organizational chart that graphically
describes how construction of the project
will be organized needs to be provided.

b. The CQA Manuals (Appendix E, Section
1 .3. 1 . 1 and Appendix G, Section 2.3.1.1)
state that the Construction Manager is
responsible for the organization and
implementation of the quality assurance
activities for the project. Thus it appears
the Construction Manager is responsible
for the CQA officer's duties.

c. Several section within the specifications
in Appendix E refer to quality assurance
and/or quality evaluation. For example,
Geonets, Specification 02246 includes
sections titled Quality Assurance, Quality
Control, and Material Quality Evaluation.
As the Construction Manager is
responsible for compliance with the
requirements in the specification, it
appears that the Construction Manager
may also be performing Quality
Assurance. The wording in the
specifications needs to be revised where
necessary to clearly state that the
Construction Manager only performs
Quality Control, not Quality Assurance.

Solutia Response
The Construction Manager is responsible for ensuring that the containment
cell is built properly. Paragraph 1, Section 1.3.1.1, Responsibilities of
Appendix F, Construction Quality Assurance Manual for Installation of
Geosynthetic Components for the Sauget Area 1 TSCA Landfill, states the
following:

The Construction Manager is responsible for all
construction quality. The Construction Manager is
responsible for the organization and implementation of the
quality assurance activities for the project.

Section 1.2.4, Geosynthetic Construction Quality Assurance Consultant, of
the same document states:

The Geosynthetic Construction Quality Assurance (CQA)
Consultant is a firm independent from the Construction
Manager, Manufacturer(s) and Installer that shall be
responsible for observing and documenting activities
related lo the quality assurance of the production and
installation of the geosynthetic system on behalf of Solutia.

This clearly obviates the comment:

"Thus, il appears the Construction Manager is responsible
for the CQA officer's duties."

Appendix E, Construction Quality Assurance Manual for Installation of Soil
Components of the Lining and Final Cover Systems for the Sauget Area 1
TSCA Landfill include the same language.

To clarify reporting relationships of the CQA Consultant, the project
organization chart in Attachment 2 1 of (his Response to Comments
Document will be included in Appendix F and Appendix E of the Design
Report.

Design Report
Section(s) Modified

Appendices F and G
Comments

Added organization chart

URS
Revision I dated 04/02/IX)
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Item
Number

71

72

73

Comment
Number

Comment 66:
CQA Manual,
Geosynlhetics, Appendix F

Comment 67:
CQA Manual,
Geosynthetics. Appendix F

Comment 68:
CQA Manual,
Geosynlhetics, Appendix F

IEPA Comment or Discussion of Response
The CQA Manual for installation of geosynthetic
components needs to be revised to reflect earlier
comments that have been made regarding the
specifications and the properties of the
geosynthetic components in the liner systems

The CQA Manual for installation of gensynlhetic
components needs to be revised to include a
section on GCLs.

ll is recommended that an individual table be
created for each geosynthetic component that lists
the properties, test name and test method number,
test frequency and the acceptable
minimum/maximum values for each property.

Solutia Response
The CQA manual will be revised to incorporate earlier comments on
specifications and properties of the geosynlhetic components in the liner
systems. It will be included in the final version of the Design Report.

Section 6.0, Geosynthetic Clay Liners, will be added to Appendix F,
Construction Quality Assurance Manual for Installation of Geosynthetic
Components for the Sauget Area 1 TSCA Landfill. This new section is
included as Attachment 22 of this Response to Comments Document

A table listing the properties, test name and test method, test frequency and
acceptable values of each geosynthetic component will be added to Appendix
F, Construction Quality Assurance Manual for Installation of Geosynthetic
Components for the Sauget Area 1 TSCA Landfill. This table is included as
Attachment 23 of this Response to Comments Document.

Design Report
Section(s) Modified

Appendices F and G

Appendix F

Appendix F

Comments

URS
Revision I dated 04/02/IX)
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Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

74 Comment 69:
CQA for Subgrade under
Geo membranes

Section 2.3 Subgrade Preparation needs to specify
quantifiable values for the subgrade. At a
minimum, these need to include density, moisture
content, maximum depth/height of ruts in the
subgrade, and the size of rocks or sharp objects
allowed in the top 6 inches of the soil below the
geomembrane (hut are identified in the
Specifications.

Section 2.3.1.3, Surface Preparation, will be amended to read as follows:

The surface to be lined has been rolled, compacted, or
handworked so as to be free of irregularities, protrusions,
loose soil and abrupt changes in grade. Bedding layer soils
will have clods no larger than two inches, will be placed
and compacted to 90% Standard Proctor Density and
will have a moisture content at or near optimum.
Bedding layers will be smooth with no ruts or sharp
edges before, during and after installation of the
overlying geosynlhetic material. They will provide a
surface capable of supporting the geosynthetics and
other layers in the liner system.

This text will be incorporated verbatim in Section 2.3.1 of Appendix F,
Construction Quality Assurance Manual for Installation of Geosynthetic
Components for the Sauget Area 1 TSCA Landfill.

Appendix F (Section
2.3.1)

URS
Revision 1 dated (M/02/(X>
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Item
Number

75

Comment
Number

Comment 70:
CQA for Geomembranes
Relative to GC'Ls

IEPA Comment or Discussion of Response
Seclion 2.4.4, Method of Deployment needs to be
revised to reflect the following comments
regarding the placement of geomembrane on a
GCL:

a. Section 2.4.4 needs to specify the method
used to deploy the geomembrane will not
damage the GCL under the geomembrane
(eg the heavy equipment used to install
the geomembrane will not drive on the
GCL, and the geomembrane will be rolled
down the side slopes rather than dragged
up them).

b Deployment (and welding) of
geomembrane panels needs to be tied lo
installation of the GCL panels under the
geomembrane. Specifically, the
geomembrane needs to be installed the
same day that the GCL panels directly
under it are installed.

c. The geomembrane needs to be covered
with 6 inches of material before the GCL
under it has time to become fully
hydrated. When possible, the weight of 6
inches of material should be placed on the
GCL the same day the GCL panel is
installed. The CQA manual should refer
to the calculations (required by these
comments) that provide an estimate of the
time it will take the GCL to become fully
hydrated once it is installed.

Solatia Response
Specification 02245, Section 3.3, Installation, requires the following:

A. GCL deployment: Handle GCL in a manner to ensure
it is not damaged. At a minimum comply with the
following:

1. On slopes, anchor the GCL securely and deploy it
down the slope in a controlled manner.

10. In general, only deploy GCL that can be covered
during that day by geomembrane or a minimum
of 12 inches of approved soil cover.

These requirements are already included in the specifications and there is no
apparent need lo include them in the CQA Manual. As for the last issue, the
liner system will be built before 100% hydration of the GCL liner will occur.
Technical information on GCL hydration lime is included in Attachment 8 of
this Response to Comments Document. This information demonstrates thai
the containment cell will be built before complete GCL hydration occurs.

Design Report
Section(s) Modified

Appendix 1
Comments

URS
Revision I d.itccl 04/02/00
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Item
Number

76

Comment
Number

Comment 71:
Wrinkles in
Geomembranes

IEPA Comment or Discussion of Response
Bolh Section 2.4.4, Method of Deployment, and
Section 2.8.5, Large Wrinkles need lo be revised
to address the following comments on wrinkles in
geomembranes:

a Section 2.4.4 needs to identify a specific,
measurable the size of a wrinkle in the
geomembrane that is considered
unacceptable Bolh the width and height
need lo be specified. Section 2.4 4 needs
to state that if a wrinkle is taller than it is
wide, or is higher than 3 inches above the
subgrade, the geomembrane panel should
be readjusted to smooth out the wrinkle
before it is welded lo the next panel.

b There should not be any wrinkles in the
geomembrane that is placed on top of the
GCL since they can result in uneven
pressures on the GCL. This can damage
the integrity of the GCL by causing
bentonite migration and an increase in the
permeability of the GCL.

c. CQA at the site needs to be capable of
insuring that installation process does not
resull in a wrinkle that is 12 inches high.
Section 2.8 5 needs to be revised to reflect
that a wrinkle taller than it is wide, or
higher than 3 inches above the subgrade,
will be repaired.

Solutia Response
Section 2.8.5, Large Wrinkles, Paragraph 1, will be revised as indicated
below and included in Appendix F

When seaming of the geomembrane is completed, and prior
to placing overlying materials, the Geosynthetic CQA
Consultant shall indicate to the Construction Manager
which wrinkles should be cut and reseamed by the Installer.
The number of wrinkles to be repaired should be kept to an
absolute minimum. Therefore, wrinkles should be located
during the coldest part of the installation process, while
keeping in mind the forecasted weather to which the
uncovered geomembrane may be exposed. Tbe
geomembrane will be inspected for wrinkles every
morning by the Geosynthetic CQA Consultant and the
results of the inspection will be documented. On
completion of geomembrane installation, it will be
inspected for wrinkles by the Geosynthetic CAQ
Consultant and the Agency and the results of this
inspection will be video recorded with a dale stamp.
Unacceptably large wrinkles will be removed after this
final Inspection. Wrinkles are considered large when the
geomembrane can be folded over on itself. Seams
produced while repairing wrinkles shall be tested as
outlined above.

Design Report
Section(s) Modified

Appendix F (Section
2.8.5)

Comments

URS
Revision I d:iled 04/02AX)
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Design Report
Seclion(s) Modified Comments

77 Comment 72:
Seaming Geomembrancs

Section 2.5.2, Acceptable Seaming Methods: As
noted in the comments on the Specifications for
geomembranes, this section needs to specify that
the CQA consultant is responsible for insuring the
use of extrusion welds will be minimized

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

78 Comment 73:
Conformance Testing for
Geonets

Transmissivity should be included as a
conformance test in Section 4.2.

Comment to be addressed in Ihe December 29, 2000 Response lo Comments
Document (Pan III)

79 Comment 74:
CQA Manual, Soil
Components, Appendix G

The CQA Manual for installation of soil
components needs to be revised lo include earlier
comments regarding the specifications and
properties of the soil components in Ihe liner
systems. For example, Section 4.2.3 Soil
Selection Criteria needs to include a subsection for
the bedding layer under the GCL, and additional
criteria such as specifications for Ihe grain size
distributions need to.be provided for the various
types of fills.

The CQA manual will be revised to incorporate earlier comments on
specifications and properties of Ihe geosynthetic components in the liner
systems. It will be included in the final version of the Design Report.

Appendix G

80

81

Comment 75:
CQA Manual, Soil
Components, Appendix G

It is recommended thai an individual table be
created for each soil component that lists the
properties, test name and test method number, test
frequency and the acceptable minimum/ maximum
values for each property.

A table listing the properties, test name and test method, test frequency and
acceptable values of each soil component will be added to Appendix G,
Construction Quality Assurance Manual for Installation of Soil Components
of the Liner and Final Cover Systems for the Sauget Area I Landfill This
table is included as Attachment 24 of this Response to Comments Document

Appendix G

Comment 76:
CQA Manual, Soil
Components, Appendix G,
Section 4.2 3

The Soil Selection Criteria for each soil
component needs to include measurement of the
thickness of each soil component.

Comment to be addressed in Ihe December 29, 2000 Response to Comments
Document (Part III)

URS
Revision I dated 04/02/00
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82 Comment 77:
CQA Manual. Soil
Components. Appendix O,
Section 4.2.4

The design report needs to identify the sources of
the borrow soils on a scale drawing. It also needs
to describe how these areas have been used in the
past (e.g. agricultural, industrial, residential, etc.)

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part I I I )

83

84

Comment 78:
CQA Manual, Soil
Components. Appendix G,
Section 4.2.4

The section titled Earth Till Material Management
needs to identify the parameters, test methods and
testing frequencies for which the borrow soils wi l l
be analyzed. The minimum number of parameters
and test frequencies for evaluating borrow sources
are provided in Tables 2-2 and 2-3 of the USEPA
Technical Guidance Document tilled Quality
Assurance and Quality Control for Waste
Management Facilities (EPA/600/R-93/182,
September 1993). If there is evidence, or il is
suspected, that the source area may be
contaminated with hazardous constituents, it may
be necessary to perform additional tests in order to
determine if the soils contain contaminants.

Off-site borrow will be sampled and analyzed for TCL/TAL constituents at a
rate of one sample every 5,000 cubic yards. This testing requirement wil l be
incorporated in Section 4.2.4 of the CQA Manual by adding this sentence to
the end of the first paragraph:

As the material is excavated from an approved borrow facil ity, the
CQA Consultant shall confirm that the soils meet the requirements
of the Specifications. The CQA consultant will use his/her
experience with visual/manual soil classification techniques to assess
the segregation of soils. The CQA Consultant will note in his/her
field records changes in odor, texture, apparent moisture, and the
depths of which they occur. The CQA Consultant shall confirm that
adequate processing, as described in the Specifications, is performed
for removal of roots, rocks, rubbish or unsuitable materials, and
achieve the specified soil clod size. Off-site borrow will be
sampled and analyzed Tor TCIJTAL constituents at a rate of one
sample every 5,000 cubic yards. Results will be compared to
TACO Tier I criteria for commercial/industrial area soils. Soil
with concentrations higher than these levels will not be accepted
for use in containment cell construction.

Comment 79:
CQA Manual, Soil
Components, Appendix G.
Section 4.3.3

The design report needs to clarify which
component in the landfill design it considers the
Low Permeability Fill.

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Appendix G (Section
4.2.4)

URS 1-57
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85 Comment 80:
CQA Manual, Soil
Components, Appendix G,
Section 4.3.4

The evaluation of layer bonding states that test pits
maj' be used (emphasis added). This section needs
to specify the minimum number of test pits per lift
per acre that will be used to evaluate the bonding
of two lifts.

Paragraph 1 of Section 4.3.4, Evaluation of Layer Bonding, will be rewritten
as follows and included verbatim in Appendix G. Construction Quality
Assurance Manual for Installation of Soil Components of the Liner and Final
Cover Systems for the Sauget Area I Landfill:

Evaluation of layer bonding will be determined by
collecting one Shelby tube sample for every 10,(KM)
square feet of compacted bottom soil. Shelby lubes will
only be pushed 8 inches in order to protect the
underlying liner system. Samples holes will be filled
with bentonite.

The CQA Consultant shall confirm that layer bonding between
compacted lifts is adequate and that discontinuities do not appear to
exist. This will be accomplished by cutting the Shelby tube sample in
half longitudinally and visually examining the sample. The CQA
Consultant shall notify the Construction Manager of any layer bonding
deemed to be deficient and shall confirm that repairs are performed by the
Earthwork Contractor.

Appendix G (Section
4.34)

Renumbered to Section
4.3.3

86 Comment 81:
Test Fill / Construction
Proofing Ramp

It is recommended that a test pad be used to
evaluate the bonding between the lifts prior to
construction of the containment cell. The
procedures for constructing and evaluating a test
pad are provided in Section 2.1 Oof the USEPA
Technical Guidance Document titled Quality
Assurance and Quality Control for Waste
Management Facilities (EPA/600/R-93/182,
September 1993). Note: This same procedure can
also be used to evaluate the soils proposed for use
as the bedding layer below the GCL component of
the liner.

Shelby tube samples will be used to check bonding between soil layers.
Samples will be collected and checked at a frequency of one every 10.000
square feet. With this approach, a test pad is not needed to assure bonding
between soil layers.

No action required

URS
Revision I dated 04/02/00
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87 Comment 82:
Maintenance Procedures
for I^eachate Collection
and Detection Systems

Maintenance of the leachate collection and
detection systems needs to be considered when
these systems are designed. Therefore, the Design
Report needs lo describe the anticipated
maintenance activities that will be used to assure
proper operation of the leachate collection/
detection systems throughout the landfill's
expected life, and describe how the design of these
systems incorporates these maintenance activities
In addition, F.xhibit 2 of the UAO included this
item as a requirement in the Design Report.

Leachate collection and leachale detection systems were designed to be low
maintenance systems. No maintenance is required to ensure that drainage
occurs because both systems drain by gravity to their respective collection
sumps. Vacuum trucks will be used to remove accumulated liquids from both
sumps so no pump maintenance is required. Riser pipes and perforated pipe
sections in (he collection sumps are large enough to allow pressure washing
should fouling occur.

No action required

The Design Report needs to describe the methods
that will be used to repair any damage to the liner,
which occurs while the landfill is in operation
during placement of the waste (e.g. a dozer ripping
the liner). This description needs to address all
layers in the liner system.

88 Comment 83:
Liner Repairs During
Operation

Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

URS
Revision I dated (M/02/00
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89 Comment 84:
Run-Off Control Systems,
Section 5.5

The design of the landfill needs include a run-off
control system that is capable of holding the
slormwater from a 25 year 24 hour storm alter the
unit is closed. It is not acceptable discharge the
run-off from the closed landfill directly to Dead
Creek. A run-off control system for the closed
landfill will prevents sediments from washing off
of the landfill and into the restored Dead Creek.
Also, if the cover system fails, and the run-off
becomes contaminated, the run-off control system
w i l l prevent the contaminated run-off, sediments
and wastes, from entering and contaminating the
restored Dead Creek. The description of the run-
off control system needs to include the following:

a. Design and Performance: Describe (he
run-off collection and control system
design Provide calculations
demonstrating that the system has
sufficient capacity to collect and hold the
total run-off volume. Provide a plan view
showing the locations of the run-off
control system components, along with
sufficient drawing details and cross
sections. Indicate the fate of the collected
run-off.

b. Calculation of Peak Flow: Identify the
total run-off volume expected to result
from at least a 24-hour, 25-year storm.
Describe data sources and methods used
to make the peak flow calculation
Provide copies of the calculations and
data, including appropriate references

During construction, storm water in the cell will be pumped from the cell and
discharged to Dead Creek. After sediment transfer, storm water in the cell
wil l be treated, as required, and discharged to the POTW. Once the cover is
installed, sedimentation will be controlled using best management practices.
After vegetation is established there is no need to control runoff from the cell.
Storm water runoff will be routed to a drainage swale on the north side of the
cell that discharges to Dead Creek. Design drawings for this swale, which is
designed to handle a 25 year, 24 hour storm, are included in Attachment 25 of
this Response to Comments Document. They wi l l be included as Figures 5-1
and 5-6 of the Design Report.

Modified figures 5-1
through 5-8

URS
Revision I dated 04/02/1)0
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Number IEPA Comment or Discussion of Response

c. Management of Collection and Holding
Units: Describe how collection and
holding facilities associated with run-on
and run-off control systems will be
emptied or otherwise managed
expeditiously after storms to maintain
system design capacity. Describe the fate
of liquids discharged from these systems.

d. Construction: Provide detailed
construction and material specifications
for the run-off control systems. Include
descriptions of the construction quality
control program that will be utilized to
assure that construction is in accordance
with design requirements.

e. Maintenance: Describe any maintenance
activities required to assure continued
proper operation of the run-off control
systems throughout the active life of the
unit.

Solatia Response
Design Report

Scction(s) Modified Comments

URS
Revision I dated 04/02/00
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Comment
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Comment 85:
Peak Flow and Design of
Drainage Control
Structures

I ERA Comment or Discussion of Response
The calculations in Appendix D need to be revised
to address the following comments regarding the
stormwaler calculations:

a. The first page of the slormwater control
calculations refer lo a peak flow of 16 cfs.
but then use 8 cfs to calculate depth of
flow and velocity. The QTR-55 computer
model in indicates the peak flow for a 25
year 24 hour storm is 1 1 cfs Therefore,
the design calculations should use at least
1 1 cfs for the flow.

b. The design of the down chute uses a
depth of flow of 0.38 inches when the
depth of flow in the drainage swale
upstream from the chute is indicated to be
0.58 inches. The calculations need to
identify how the depth of flow in the
down chute was determined.

c The calculations for sheet flow use the
amount of rainfall from a 2 year 24 hour
storm. This is not acceptable. The design
needs lo be based on the rainfall from a
25 year 24 hour storm.

Solutia Response
Comment to be addressed in the December 29, 2000 Response to Comments
Document (Part III)

Design Report
Section(s) Modified Comments

URS
Revision I dated (M/02/IK)
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91 Comment 86:
Section 5.4 Cover System
Design

As noted in earlier comments regarding the
Specifications and liner materials, the cover
system design needs address the following
comments:

a. The common name, species and variety of
the proposed cover crop needs to be
provided.

b. Descriptions of GCL and synthetic liner
components including chemical
properties, strength, thickness and
manufacturer's specifications.

c. It is not acceptable to use sand as a
bedding layer under the GCL component
in the cover system. See earlier comment
on bedding layer requirements for a GCL
in the bottom liner.

The last sentence of Section 5.4.1, General, will be modified to read:

The grassing will be with grass seed mixes appropriate
for Illinois, specifically IDOT Section 250 Seed Mixture
Class 1.

Geosynthetic manufacturers and products will be identified in the Design
Report. Manufacturers technical data sheets will be included for all
geosynthetic components including Geomembrane, GCL, geotextile, geonet
and geogrid. These cut sheets are included as Attachment I of this Response
to Comments Document and will be included as Appendix H of the Design
Report.

A wide range of soils, including sand, can be used as bedding material for
geosynthetics. Specification 02200 - Earthwork, included in Attachment 4 of
this Response to Comments Document, wil l be used for the geosynthetic
bedding layers in the liner system It wil l also be included in Appendix E,
Technical Specifications, of the Design Report. Bedding layer soils will have
clods no larger than two inches, wil l be placed and compacted to 90%
Standard Proctor Density and will have a moisture content at or near
optimum. Bedding layers wil l be smooth with no ruts or sharp edges before,
during and after installation of the overlying geosynthetic material They wi l l
provide a surface capable of supporting the geosynthetics and other layers in
the liner system.

Section 5 4.1

92 Comment 87:
Post-Closure Requirements

If the Post-Closure Requirements will be
addressed in the O & M Plan, the Design Report
needs to state this. Otherwise, they need to be
included in the Design Report since they were
included in Exhibit 2 of the UAO.

Comment to be addressed in the December 29. 2000 Response to Comments
Document (Part I I I )

URS
Revision I dated 04/02/<X)
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PART II: IEPA DISCUSSION OF RESPONSE TO COMMENTS • GROUP II (JANUARY 15, 2001)
93 Comment 8 The technical data sheets included for Appendix H

do not include the height of the textured surface
(asperity height) of the HDPE geomemhrane as
requested in Comment 8.

The required height of the textured surface of the HOPE wil l be included in
the technical data sheets of Appendix H.

Asperity height
requirements were added
lo Specification 02244,
Section 2.2.1. The
required asperity height is
10 mils

94 Comment 11 At the October 10, II, 2000 meeting M/S also
agreed to place (he more highly contaminated
material (eg . Segment B) more to the middle of
the fill, not near the bottom or sides. The response
does not address this issue.

Monsanto / Solutia agreed that to the extent practicable material would be
placed into the cell to prevent damage to the liner system which may include
placing certain materials within the center. Due to the nature of the double
liner system preventing damage to the liner w i l l provide the highest level of
protection to the surrounding soils and groundwater.

No action required

95 Comment 12

96 Comment 2Q.a. b

97 Comment 24.a

URS

A more legible geologic cross section with all of
the information requested in Comment 12 needs to
be provided. The colors used to differentiate the
geologic strata need to be lighter and the water
table should be identified graphically on the cross-
section. The information presented in the figure
includes a very large distance. Therefore, it is
recommended that the geologic cross section and
other information be presented on a full size
drawing.

A more legible geologic cross section will be provided providing better
differentiation of the strata and the location of the groundwaler. This
information will be presented using 11x17 paper.

Figure 3-5

The response 10 comment 20 needs to indicate
when M/S will incorporate the test data into
Appendix A of the Design Report.

The requested information will be included in the final version of the design
report. The final design report will be issued after EPA / IEPA and
Monsanto/ Solulia reach agreement on the responses to the comments.

Appendix A

The narrative in Section 4.2 3 needs to b revised in
order to address Comment 24 a and make the
section consistent the revised calculations in
Appendix C.

The narrative in Section 4.2 3 wil l be revised to be consistent with the
calculations and results in Appendix C of the Design Report

Design Report (Section
4.2.1)

1-64
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98 Comment 24.d The narrative in Section 4.2.3 and the calculations
in Appendix C (Attachment 10 to the response to
comments) both need to be revised in order to
clearly identify the minimum factor of safety (FS)
against slope failure that wil l be acceptable. The
FS Tor slope stability at this site should not be less
than 15. A lower FS wi l l also result in a lower
interface friction angle being used in the design.

The calculations for the minimum factor of safety will be revised to reflect
the minimum acceptable value of Factor of Safety of 1.5. The narrative in
Section 4.2.3 of the Design Report will also be revised to reflect this
minimum Factor of Safety value.

Design Report (Section
42.3)

99 Comment 24.f The interface friction angle should be determined
for more than the two interfaces proposed in the
response to comments. This is necessary in order
to insure that the worst-case friction angle is in
fact determined and accounted for in the design.
For example, it is recommended that the soil -
GCL and soil - smooth geomembrane interfaces
should also be evaluated in the shear box.

Monsanto/Solutia agrees to include the interface friction testing in a shear box
of the additional two interface surfaces requested; soil - GCL and soil -
smooth HOPE.

Design Report
(Section 4.2.3)
Geosynthetic CQA
Manual
Specifications 02244
and 02245

100 Comment 24.g It is strongly recommended that testing of the liner
materials be performed as soon as the
manufacturers of these materials are chosen. This
testing would be in addition to, not in place of, the
CQA confirmation testing.

The Specifications will be modified to require the contractor to submit the
results of the conformance testing early. The specifications will be modified
to require the contractor to provide this interface friction data " within 30
days of contract award".

Specifications 02244 and
02245

101 Comment 29

102 Comment 31

The wording in Section 4.3.3 needs to be revised
to reflect the response to Comment 29 and the
provisions in Specification 02200 that address
Comment 29.

Section 4.2 3 of the Design Report will be modified to reflect the response to
Comment 29 and the modifications made in Specification 02200 regarding
bedding material for the synthetic liners.

Design Report (Section
4.2.3)

The wording in Section 4.4.2 needs to be revised
to reflect the key provisions and conclusions in the
revised GCL load calculations in Appendix C
(Attachment 12) that address the concerns in
Comment 31.

Section 4.4.2 of the Design Report will be revised to reflect the revised GCI,
load calculations and the concerns in Comment 31.

Design Report (Section
4.4.2)

URS
R e v i s i o n I dated 04/02/00
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103 Comment 32 all The narrative in Section 4.5 needs to be revised to
include the wording in the response to comments
for Comments 32, 33 & 34. Specifically, the
narrative needs to refer to the revised drawings and
describe how (he leachale collection, detection and
gravel capillary sump systems wi l l function Of
particular concern is how the procedures and the
alarm system will function to insure ihe level of
leachate does not accumulate above acceptable
levels.

The narrative of Section 4.5 will be modified to include the wording in the
response to Comments 32, 33, and 34. This change will include references to
the revised drawings and a description of how the leachate collection,
detection and capillary layers wil l function.

Design Report (Section
4.5.1)

104 Comment 39 The proposed wording in Attachment 11 needs to
be revised to reference the ASTM method that wil l
be used to test the samples, and the "selected
geosynlhetics" for which interface friction angles
will be determined.

The working of Attachment 11 will be modified to include the reference to
ASTM D532I for the testing of interface friction values for "selected
geosynthetics".

Appendix F (Section
2.2.2)

105 Comment 40 The proposed revision to Section 1.3 B.2 of
Specification 01010 is not correct. It needs to
indicate (hat the geotextile will be placed between
the tracked in place soil and the capillary break
layer (gravel).

This change will be made to Specification 01010. Specification 01010
(Section 1.3.B.3)

106 Comment 46.a The wording in Section 3.6. A.4 of Specification
02200 needs to be revised to more clearly describe
the f i l l ing operations.

The wording of this specification will be modified to more clearly indicate
that the requirement limiting the differential elevation of 4 feet in the
compacted fill applies to (he containment berms and not to any individual l i f t
of placed and compacted soil.

Specifification 022200
(Section 3.6.A.4)

107 Comment 51

108 Comment 55

Specification 02244 needs to be revised to include:
yield stress and yield elongation.

These requirements will be included in the specifications. Specification 02244

The response to Comment 55 does not address the
comment that Section 2 1 of Specification 02245
refers to a "lock-stitched" GCL.

References to "locked-stitch" GCL material wil l be replaced with "needle-
punched".

Specification 02245

URS
Revision I dated 04/02AK)
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110

III

Comment
Number

Comment 56

Comment 57

Comment 61

IEPA Comment or Discussion of Response
The minimum values for all of the parameters in
Table 1 in Specification 02245 need to be provided
in the Table.

The C>C1- Loading calculations in Attachment 12,
and probably the Liner System Stability
Calculations in Attachment 10, need to be revised
to include the internal friction angle for the GCL.

The minimum value for Iransmissivity in
Specification 02246 is not acceptable or consistent
with other portions of the Design Report, and the
units of measurement are not correct. The design
report needs to demonstrate that the geonet will
have a transmissivity equal to 12 inches of sand
with a hydraulic conductivity of 1 x 10 ! cm/sec as
slated in Section 4.5.2 (see Comment 35). This is
the transmissivity value that should be required in
Specification 02246. (An acceptable value for
transmissivity is on the order of IxlO4 m2/sec.] In
addition, the narrative in Section 4.1.1 may need to
be revised since it states the hydraulic
transmissivity of the geonet will be at least 3 x 10 '
cm2/sec(3x lO'mVsec).

Solutia Response
The requested values will be provided in the Table.

The GCL loading calculations will be modified to also include consideration
of the internal fraction angle of the GCL material.

The Specification for the geonet will be modified to correctly represent the
minimum value of transmissivity required by the calculations. In addition
Section 4. 1 . 1 of the Design Report will modified as appropriate.

Design Report
Section(s) Modified

Specification 02245

Appendix C

Design Report (Section
4.1.1)

Comments

URS
Revision I dated 04/02AK)
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The narrative in the Design Report should be
revised to include the response to Comment 64.
For example, Section 3.3 in the revised geonet
Specification 02246 sti l l shows that the contractor
is responsible for taking confirmation samples.
From the response to Comment 64 it appears that
the CQA Consultant should perform this job. If
this interpretation is correct. Specification 02246
(and portions of other specifications) may also
need to be revised.

Solatia Response
Design Report

Seclion(s) Modified Comments
112 Comment 64/65 The narrative in the Design report will be revised to reflect the requirements

of the Specifications and the CQA Manuals
Design Report (Section
3.3)

113 Comment 66 The revised CQA manual for geosynthetic
materials (Appendix F) should have been provided
with (he November 3, 2000 submittal. This revised
CQA manual needs to be provided for review
before the Design Report is finalized.

The revised CQA Manual for geosynthetic materials will be included in the
final submittal of the Design Report.

Appendix F

114 Comment 68 The Table in Attachment 23 needs to be revised to
include the following properties, their test
methods, and minimum values:
Oeomembrane: yield strength, yield elongation,
and asperity height,
GCL. grab tensile strength.

The minimum values for some of the parameters
on this table may also need to be revised based on
earlier comments in this review (e.g. Iransmissivity
for the geonet, and the minimum internal friction
angle for the GCL).

These values wil l be included in the referenced Table. The minimum values
for these materials will be modified as appropriate.

Appendix F (Table I)

URS 1-68
Revision I dntccl (M/02/00
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115

Comment
Number

Comment 74
IEPA Comment or Discussion of Response

The revised CQA manual for soil materials
(Appendix G) should have been provided with the
November 3, 2000 submittal This revised CQA
manual needs to be provided for review before the
Design Report is finalized.

Solulia Response
The revised CQA Manual for geosynthetic materials will be included in the
final submittal of the Design Report.

Design Report
Section(s) Modified

Appendix G
Comments

URS
Revision I dated (M/02/IX)
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116 Comment 78 The response lo this comment only addresses the
testing of borrow soils for TCL/TAL constituents.
It does not address (he requirement to analyze soils
per the referenced USEPA guidance document.
Therefore, the parameters and their frequencies are
specified below.

(See copies of Tables 2.3 and 2 10 from USEPA
Technical Guidance Document tilled Quality
Assurance and Quality Control for Waste
Management Facilities (EPA/600/R-93/I82,
September 1993).) The soils identified in Tables
IA and IB in Attachment 24 should be analyzed
for the following parameters at the specified
frequencies:

Moisture Content: 1 test per 2,500 cu yd
or each change in material.
Alterberg Limits: 1 test per 6,500 cu yd
or each change in material.
Percentage Fines: 1 test per 6.500 cu yd
or each change in material.
Percent Gravel: 1 test per 6,500 cu yd or
each change in material.
Compaction Curve: 1 test per 6,500 cu
yd or each change in material.
Hydraulic Conductivity: I test per 13,000
cu yd or each change in material.

The soils identified in Tables 1C in Attachment 24
should be analyzed for the following parameters at
the specified frequencies:

Held Placed Moisture and Density (rapid tests): 5
tests per acre per lift._________________

Revisions to these tables will be made to reflect the intent of the USEPA
guidance document. Final versions of the tables wil l included in the Design
Report.

Appendix G (Table)

URS
Revision I dated 04/02/00
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117

118

Comment
Number

Comment 82

Comment 84

I EPA Comment or Discussion of Response
Water Content (ASTM D22I6): one in every 10
rapid moisture content tests.

Total Density (ASTM DI556, 1587, or 2167): one
in every 20 rapid density tests.

The narrative in the Design Report needs to be
revised to include the response to Comment 82.

The response did not fully address the issues in
Comment 84. Each of the items in Comment 84
needs to be addressed individually. In addition,
the response needs to indicate if the concrete down
shoot (and the calculations for it in Appendix D)
need to be removed from the application.

Solutia Response

Solutia will address the O&M issues for this facility in the O&M Plan. As
previously agreed this plan will be submitted 60 days after the completion of
construction.

The run off control system was revised to incorporate the comments of EPA
/IEPA. The revised design will be included in the final Design Report.

Design Report
Section(s) Modified

Appendix D

Comments

No action required

Replaced with
subsequent responses

URS
Revision I dated 04/02/M
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Design Report
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PART III : 1EPA DISCUSSION OF RESPONSE TO COMMENTS • GROUP 111 (JANUARY 22, 2001)
119 Comment IS:

Section 4.1.5,1.iner
System Exposure
Prevention

Section 4.1.5 of Appendix 7 in the design report
does |not| describe how the liner system
(especially the geomembrane layers) will be
protected from the wind. This can cither be done
by placing the soil/sand layers on the
geomembrane quickly (eg same day) after it is
installed, or by temporarily placing sand bags on
it.

Section 4.1.5 of Appendix 7 in the Design report will be modified to address
protection from potential wind damage. A new paragraph will be added to
incorporate the option of placing temporary sandbags or placement of the
next layer of geosynthetic material as indicated below:

Modify first paragraph

"Certain synthetic components in the proposed lining system can be
injured by various environmental exposures. Two potentially
damaging environmental exposures are sunlight and wind. Sunlight
can degrade unprotected plastics and polymers. Wind can displace
and damage placed materials due to uplift causing pinholes, wrinkles
and weakened locations at folds. The HOPE membrane l in ings . . . .

Add a new paragraph

"Wind damage to the geosynthetic liner systems is another
potentially significant problem resulting from exposure to the
elements. Damage to geosynthetics is typically due lo displacement
after the material has been installed. Prevention of this potential
damage will be managed by placement of the succeeding soil / sand
layer on the base of the landfill and via the use of sandbags on the
side slopes of the cell.

Design Report (Section
4.1.5)

120 Comment 17:
Section 3.0, Site
Characterization

The proposed location of the containment cell
needs to be shown relative to the borings on Figure
3-1.

Figure 3-1 has been modified to present the location of the containment cell
relative to the borings performed for design as requested. This revised
drawing is included as Attachment I to this Response to Comments.

Figure 3-1

URS
Revision I dated 04/02/00
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121

Comment
Number

Comment 18:
Section 30, Site
Characterization

1EPA Comment or Discussion of Response
Geologic cross sections from the surface down to
the confining layer (bedrock) need to be provided.
The location and elevations of the proposed
containment cell needs to be shown on these cross
sections.

Solatia Response
Geologic cross-sections from the surface down to the confining layer
(identified as Figure 3-5) is provided as Attachment 2 to this Response to
Comments. The relative location and elevation of the containment cell is
shown on the figure.

Design Report
Section(s) Modified

Figure 3-5
Comments

URS 1-73
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Design Report
Section) s) Modified Comments

122 Comment 19:
Section 3.0, Site
Characterization

Piezometer PZ-1, and the three OB borings, all end
in the sand layer (either SM or SP). None of the
borings continues to the top of a confining layer
(which may be bedrock at this site). The design
report needs to characterize the geology from the
surface down to the first confining layer. This
requirement can be met by either providing a the
boring log report for an existing boring near the
site that extends down to a confining layer, or by
installing an additional boring at the site that
extends a confining layer.

Information on characterization of site geology from ground surface to the
first confining layer was provided in the Time Critical Removal Action Plan
for Dead Creek Sediment and Soil in Section 2.6. Section 3.0 of the Design
Report will be modified to include this information as described below:

"Section 3.5 GEOLOGIC CHARACTERIZATION

The Mississippi River floodplain contains unconsolidated valley f i l l
deposits composed of recent alluvium (Cahokia Al luv ium) , which
overlies glacial material identified as the Henry Formation. The
Cahokia Alluvium Qrecent deposits) consists of unconsolidated,
poorly sorted, fine-grained materials with some local sand and clay
lenses. These recent alluvium deposits unconformably overlie the
Henry pormation which is Wisconsinian glacial outwash in the form
of valley-train deposits. The Henry Formation is about 100 feet
thick. These valley-train materials are generally medium to coarse
sand and gravel and increase in grain size with depth.
Unconsolidated deposits are underlain by bedrock of Pennsylvanian
and Mississippian limestone and dolomite with lesser amounts of
sandstone and shale. Figure 3-4 presents a surface map of the
bedrock surface within the East St. Louis area. The approximate
location of the site is included in that figure. Figure 3-5 presents a
cross section of the site from ground surface to bedrock. The
relative location of the containment cell is included in that cross
section."

Figure 3-4 is included as Attachment 3 to this Response to
Comments.

Design Report
(Section 3.5)
Figure 3-4

URS 1-74
Revision I dated 04/02/00



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

123

Comment
Number

Comment 22:
Section 4.2.2, Bearing
Capacity

IEPA Comment or Discussion of Response
Section 4.2.2 states that undrained shear strengths
were determined for the surficial clays and silts.
However, the test results provided in Appendix B
show that clay only made up the top 1 inch (of a 6
inch sample) for one of the three unconfmed
compression tests. Therefore, this section needs to
be revised to reflect that the undrained shear
strength is only known for the silts under the site.
Conversely, additional testing could be dune on
the surficial clay to determine its undrained shear
strength (this is the preferred option).

Solutia Response
Solutia has completed an additional site investigation to delineate the surficial
soils and characterize (heir material and engineering properties. This second
investigation, which updates and replaces the previous site investigation, is
included in Attachment 4 to this Response to Comments. The information
collected by this second field and laboratory investigation will be included as
Appendix A of the final design report.

As shown in Attachment 4 the included report incorporates the data and
results of the first site investigation performed in December 1999. Shear
strength data was collected for the surficial clay and silt strata from the
second investigation. As presented in the report (Table 1- Summary of Data
for Key Strata) material and engineering characteristic properties for these
materials has been characterized.

Design Report
Section(s) Modified

Appendix A
Comments
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124 Comment 23:
Section 4.2.2, Bearing
Capacity

Section 4.2.2 needs to provide justification for the
statement that the l imit ing bearing capacity strata
was found to be the surficial clays and silts. Part
of Iliis justification should include providing the
test results from all of the soil strata under the
proposed landfill site.

As indicated above Solutia elected to perform additional site investigations to
further characterize the material and engineering properties of the surficial
soils beneath the proposed landfill This additional information is included as
Attachment 4 to this Response to Comments and wil l be included in
Appendix B of the final design report. Using the recently collected
information the bearing capacity of the surficial clays and sills was
recalculated. That updated calculation is included as Attachment 5 to this
Response to Comments.

Based on (his information the text of Section 4.2.2 of the final design report
will be modified to read as follows:

Section 4.2.2 Bearing Capacity

The surficial clay and silt samples collected at the site were found to
have undrained shear strengths ranging from 250 to 440 pounds per
square foot (psf) Those strengths indicate soils with soft to firm
consistency. The underlying sandy soils were observed to be very
loose to medium dense. The limiting bearing capacity strata was
found to be the surficial clays and sills. Based on the minimum
undrained shear strength above, the ultimate bearing capacity of the
existing subgrade soils is about 1,300 psf. Details of this evaluation
are presented in Appendix B."

Design Report (Section
4.2.2)

URS 1-76
Revision I dalccl 04/02AX)



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IRI'A Comment or Discussion of Response Solatia Response

Design Report
Seclion(s) Modified Comments

125 Comment 25:
Section 4.2.6. Potential
for Excess Hydrostatic or
Gas Pressure

The design report needs to include calculations
| to| demonstrate that the weight of the completed
landfill will he greater than (he hydrostatic upl if t
pressure.

The requested calculations are included as Attachment 6 to this Response to
Comments. In addition, this calculation will be added to Appendix B.
Section 4 2.6 of the design report wil l be modified to read as follows:

"Section 4.2.6
Pressure

Potential for Excess Hydrostatic or Gas

Excess hydrostatic or gas pressure is not expected to affect the
containment cell. The highest groundwater elevation observed at the
site was over 8 ft below the proposed secondary lining elevation.
The maximum flood elevation for this area is reportedly elevation
406. After the lining system is complete, the static weight of the soil
layers in the l ining system exceeds the potential hydrostatic uplift
pressure. No heaving of the lining system is anticipated.
Calculations demonstrating this point are included in Appendix B.

The potential for gas pressure within the containment cell is low due
to the relatively low quantity of decomposable matter in the wastes
compared to a sanitary waste landfil l . A venting system wil l be
incorporated into the cover system to vent excess gas or barometric
pressure from within the containment cell."

Appendix B (Section
4.2.6)

126 Comment 26:
Section 7 Material
Compatibility Studies

This section needs to indicate the approximate date
the compatibility testing will be concluded and
results provided to USEPA and IEPA.

The study commissioned by Solulia to evaluate compatibility of the materials
proposed to construct the Sauget Area 1 containment cell is now complete.
This investigation demonstrates that the proposed materials are suitable for
the intended use. The results of this study are included as Attachment 7 to
this Response to Comments. This information will be incorporated into the
final design report as Appendix H.

Appendix H
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127 Comment 27:
Section 4.3.2, Synthetic
I.iner Strength

Section 4.3.2 makes a number of statements
regarding the strength of the liner that are not
justified in the narrative. The narrative needs lo
provide specific numbers and refer to specific
calculations (not just the Appendix) and technical
dala sheets on the materials in order to just ify
conclusions such as the following:

• The synthetic linings in the containment
cell will not be subject to significant
tensile stresses.

• The side slope linings wi l l not be
overslressed.

• The longitudinal seams are not expected
to be significantly loaded.

• The strain in the bottom lining due to
settlement is well within the elastic limit
for the HOPE lining.

• It appears the bottom linings wil l not be
overstressed.

Information on synthetic liner strength performance was submitted with the
response to the Group II Comments. Detailed calculations were provided in
Attachment 6 of the Response to Comments - Group II. These calculations
will be included in Appendix C of the final design report. Calculations on the
induced strain in the geomembrane due to settlement of the landfill after
construction and waste material placement is included as Attachment 8 to this
Response to Comments and will be included in the final design report.

Section 4.3.2 of the final design report will be modified as shown below.

"Section 4.3.2 Synthetic Liner Strength

Two loading conditions are anticipated for the synthetic linings, soil
loading on side slopes and settlement of the bottom liner system.
Calculations were performed to evaluate these two conditions.

The linings on the cell's side slopes will be insulated from downdrag
from the overlying waste material by a geonet drainage composite.
Calculations in Appendix C (Lining Tensile Stress) for the lining
stress due to the weight of soil sliding down the side slope show that
the lining stress stays below the HOPE yield stress. Once wastes are
placed and compacted in the cell, little down slope soil movement
will be possible. This further limits the probability of l in ing
downdrag. The cell construction specifications will prohibit
dumping soil down unprotected side slopes. Where placement
traffic on the side slope is required, the slope will be protected by
geogrid reinforcements and additional HOPE fly sheets As
presented in Appendix C the side slope lining stress will be less than
the yield stress of the HOPE geomembrane liner material. Lateral
seams in the lining panels will be prohibited on the side slopes.

Settlement of the bottom lining was previously identified to be
minor. The strain in the bottom l ining due to settlement as presented
in Appendix C is well within the elastic limit for the HOPE lining.

Design Report (Section
43.2)
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Settlement calculations in Appendix A and Appendix B of the final
design report indicate that differential settlement of the base of the
containment cell after construction and waste placement will be
approximately 2 inches. This translates into an elongation in the
HDPE of approximately 1.3 x I05in/in. Assuming an HDPE
modulus of 30,000 psi the stress increase in the bottom lining is
expected to be about 30 psi for each 0.1 percent strain. These values
are far less than the yield strain of 13 percent for the geomembrane.
As demonstrated in Appendix C the bottom linings will not be
overstressed.

Synthetic lining seaming will be performed using either hot-wedge
or extrusion welding. Either method will be required to provide a
film-tearing bond (FTB) in the parent HDPE linings. The strength of
these seams will be required to achieve at least 90 and 50 percent of
the HDPE lining tensile strength in shear and peel, respectively. The
seams will be destructively tested periodically as provided in the
Construction Quality Assurance Plan. All seams will be tested for
hydraulic integrity using vacuum, air-pressure, or electrical methods.
Appendix C presents details of this analysis."
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Comment 3S:
Section 4.5.2, Equivalent
Capacity

IEPA Comment or Discussion of Response
Section 4.5.2 only states thai the geonet
transmissivity will be greater than 12 inches of
sand with a hydraulic conductivity of 1 x 10 !

cm/sec. It needs to refer to copies of
manufacture's data sheets provided for the geonet.
and calculations lhal demonstrate this statement is
correct.

Solutia Response
Calculations demonstrating that the geonet transmissivity will be equivalent
to or greater than 12 inches of sand are included as Attachment 9 to this
Response to Comments and will be incorporated in the final design report.
These calculations refer to manufacturer's data sheets for a geonet material.

Section 4 5.2 of the final design report will be modified as follows:

"Section 4.5.2 Equivalent Capacity of Geonet Drainage
Composite

The geonet drainage composite used for all side slope
collection layers and the leak detection bottom layer will
have transmissivity values that are equivalent to that of a 12
inch thick sand layer with a hydraulic conductivity of 1 x
10 z cm/sec. As demonstrated in Appendix C the geonel
transmissivity is almost 2 orders of magnitude greater than
the transmissivity of a sand layer."

Design Report
Section(s) Modified

• Design Report
((Section 4.5.2)

• Appendix C

Comments
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Comment 36:
Section 4.5.3, Grading
and Drainage

IEPA Comment or Discussion of Response
This section needs to include additional detail
regarding the grading and drainage for the
proposed landfill. Specifically:

a. The description of the leachale collection
system needs to include a demonstration
of why perforated pipes are not included
as part of the lateral leachate collection
system on the bottom of (he landfill.

The narrative needs to discuss how the
collected leachate will be disposed.
Indicate the appropriate permits which
will need to be obtained. As a newly
generated waste, Monsanlo/Solutia will
need to determine if it is a hazardous
waste. If it is a hazardous waste, storage
of it for greater than 90 days is subject to
the RCRA storage requirements.

Solulia Response

The leachale collection system is designed based on the permeability
of the sand and gravel of the collection layer without relying on
pipes. This was achieved by selecting a combination of bottom
slope, material permeability and length of collection system drainage
path. The relative size of the proposed containment cell makes this
disposal unit well suited to the leachate collection designed.
Calculations demonstrating this are included as Attachment 10 to
this Response to Comments. The text of Section 4.5.3 of the final
design report will be modified as shown below.

A description of the methods proposed for collection and disposal of
leachate will be provided in the final version of the design report.
Applicable rules and regulations will be met in the management of
these fluids. The text of Section 4.5.3 will be modified as shown
below.

"Section 4.5.3 Grading and Drainage

The bottom lining for the leachate collection system will
slope at 3 percent beneath the sand layer toward the gravel
sump and the gravel perimeter drains. The gravel drains
slope at I percent (minimum) to a collection sump at one
corner of the cell bottom. The grading for the leak
detection system generally mirrors the collection system
above. As demonstrated in Appendix C, based on
conservative assumptions of inflow rate, the amount of
leachate head that will develop in the primary collection
system is considerably less than 12 inches at the farthest
point from the collection sump. This calculation
demonstrates that the containment cell does not require
piping to achieve the regulatory performance standard for

_____leachate development.____ ___

Design Report
Seclion(s) Modified

Design Report (Section
4.5.3)
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The sumps will be drained through HOPE pipes placed in
each sump. The collection pipe will be unperforated from
ground surface down to the gravel collection sump and
perforated within the gravel collection sump. The piping
will match the side slope grade and bend to transition from
the slope to the bottom grade. End caps wi l l be placed over
the pipe ends to prevent foreign material and gravel entry.

The pipe perforations wil l be 1/4-inch diameter. The entire
length of piping within the gravel sump will be perforated.
The 3/8-inch diameter gravel will provide adequate filter
action to prevent clogging of the pipe perforations.

The HELP model results indicate that leachate production
will be minimal after the cover system is in place. The
Iransmissivity of the sand, gravel, and geonet layers are
adequate to rapidly transmit the leachate to the collection
sump. The leachale level in each sump will be measured by
installed liquid level monitors. Any liquids found in the
collection piping will be removed via sump trucks or
submersible pumps and placed in drums or tanks for
disposal. Collected liquids wil l be tested to identify the
presence of hazardous constituents and disposed in
accordance with applicable regulations."
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Comment 37:
Section 4.5.4, Maximum
Leachate Head

IEPA Comment or Discussion of Response
35. This section needs to provide the following

information to clarify the conclusions in the
document:

a Cross sections that identify each of the
layers in both HELP models

b. Justifications for the assumptions used in
the HELP models. For example, when
the amount of leachate the sediments will
generate is estimated, the report should
include lab data from the field and
bench/pilot scale tests regarding the
moisture content of the sediments and
descriptions the physical processes that
will be used to dewater them before they
are placed in the landfill.

c. A description of why Layer 6 (waste
sediments) is not included in the HELP
model for the closed landfill, and why the
average head on top of Layer 8 (the
primary liner) is indicated to be 0 000 for
each year. Thus, it appears (he model
assumes that all liquids will be squeezed
out of the sediments during construction
of the landfill, and no precipitation gets
through the cover system. The report
needs to provide additional discussion
and justification for this assumption.

Solutia Response
a. Cross sections identifying each layer used in the HELP model are

included as Attachment 1 1 in this Response to Comments. This
figure will be included in Appendix C of the final design report.

b. Default values from the HELP program were used for each material
type evaluated in the analysis. These assumptions estimate the
initial moisture content for the placed sediments to be 25 percent
Field data from investigations performed at the site indicate the
average moisture content of the surficial silts and clay soils to range
from 14 to 30 percent above the water table and 30 to 35 percent
below the water table. Assuming normal handling during excavation
from the creek, drying and preparation for placement into the
containment cell, the default values used in the analysis are very
reasonable.

c. Layer 6 (waste sediments) is included in the HELP analysis for both
the closed case and (he construction case. The analysis indicates that
practically 100 percent of the precipitation is managed by the cover
system. The volume of rainfall that does not run off (for the closed
landfill case) is either evaporated, transmitted via the cover drainage
layer or is absorbed as soil moisture by the topsoil layer or the
contained sediments.

The text of Section 4.5.4 of the design report will be modified as shown
below:

"Section 4.5.4 Maximum Leachate Head

The HELP model was used to predict the leachate
production and head levels within the cell during
construction and after closure. The model results are shown
in Appendix C.

Design Report
Section(s) Modified

Design Report (Section
4.5.4)

Comments
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The model results show that elevated leachate head may
occur within the leachate collection layer during
construction. The cell will behave like an open catchment
and stormwater wi l l collect on the waste surface. The
construction model case assumed no stormwater pumping
off the waste surface after rainfall events. As required by
the specifications stormwater wil l be pumped off the waste
surface as soon as possible to resume waste placement. The
assumption of no surface water runoff and no pumping is
therefore highly conservative. The construction model
assumed that the cell was half-filled with wastes. Default
values for initial soil moisture and hydraulic conductivity
were used in the analysis. The maximum head in the
leachate collection layer was greater than the 12-inch
maximum. Therefore, the leachate collection sump will
require pump out after each rainfall event during
construction. The construction model indicates the peak
leachate generation rate is about 4,000 gallons per day or
2.8 gallons per minute.

The model results show that the leachate leakage into the
detection layer during construction is about 3^-inch per
year, which produces about 20,000 gallons of leachate in
the expected 6-month construction period or about 110
gallons per day. Therefore, the leak detection layer will
require checking and possibly pump out every other day
during the construction period. The analysis assumed tha t
the head in the leachate collection layer was not drawn
down regularly, therefore the leachate leakage rate is
conservative.

The model results show the leachate and leak production
rates fall substantially after the cover system is installed
over the cell. Leachate development and leak production

URS
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are essentially zero after the cell water balance has reached
equilibrium. As demonstrated by the analysis water that is
not managed by the cover system via evapotranspiration is
absorbed by (he sediments contained within the cell. Some
leachate production will continue for several months after
the cell is covered due to continued gravity drainage of the
placed sediments, however this is expected to diminish with
time. Installed liquid level controls will continuously
monitor the leachate and leak collection sumps. Periodic
inspections (weekly or monthly) will be conducted until the
production rate has reduced. Annual checks will be
conducted thereafter. "

Design Report
Section(s) Modified Comments
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131 Comment 38:
Section 4 5.7 Prevention
of Clogging

The following information regarding geotextiles
needs to be included in the report:

b. A sieve analysis of the waste material
needs to be performed on both the
sediments and the soil used in the primary
liner system. This data then needs to be
compared to the technical data sheet for
the GCL. This is necessary in order to
demonstrate the weight and apparent size
opening (AOS) of the geotextile(s) is
adequate for the design and will not clog.

c. Describe how clogging would be detected and
what cleanup procedures would be used to
restore the capacity of the systems.

It is not clear how the apparent opening size (AOS) of the GCL fabric-
will be effected by the grain size of the sediments and soil placed into the
cell. We assume this question is intended to refer to the geotextile
materials used for the leachate collection system.

Since runoff form the surrounding drainage basin will transport
sediments to the creek it is reasonable to assume the surrounding soils
will be representative of the sediments within the creek. Calculations of
the potential for geotextile clogging were performed in the draft design
report and were reported in Appendix C. These calculations assumed an
8-ounce geotextile was used to filter sediments lhat consisted of fine
sands and silts. Recent data collected from the site indicated lhat this
assumption for grain size (Dg5 = 0.7 mm) is reasonable but the potential
exists (hat some finer sediments may be present within Dead Creek.
Grain size analyses of surficial sills and clays collected from the site
indicates the distribution of fines within Dead Creek may be expected to
have 100 percent of the material smaller than the W200 sieve. This
distribution indicated that approximately 25 percent of the sediments are
likely to be clay size fraction or smaller. Calculations using the above
grain size distribution were performed to evaluate the potential for
clogging the geotexlile fabric. This information is included as
Attachment 12 to this Response to Comments. This calculation will also
be included in Appendix C of the finals design report. The text of
Section 4.5.7 of the final design report will be modified as indicated
below.

The management of clogging and description of cleanup procedures will
be addressed in the O&M manual. As previously indicated. Solulia
agreed to submit this document within 60 days of start of construction.

"Section 4.5.7 Prevention of Clogging

Clogging in the leachate collection and leak detection systems is
unlikely lo affect the performance of the systems The systems will

Design Report (Section
4.5.7)

Revision I daled 04/02/Ot
1-86



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

receive their highest loads during the waste placement with the
loading expected to fall to near zero after the cover placement as
reported in the Maximum Leachate Head section. The relatively
short performance period for the system reduces the effect of
clogging on the long-term performance of the cell.
A geotextile and 6-inch sand layer protect the underlying sand and
gravel drainage layers in the leachate collection system from
clogging due to the waste materials. A geolextile over the geonet
drainage composite on the side slopes protects geonet from clogging
with the waste materials. Clogging the geotextile on the side slope
should not be a concern since the leachate will continue to flow
down slope to the bottom collection layer without applying head to
the lining system. Calculations indicate that the average opening
size for the geotextile selected to separate the contained sediments
and soils from the leachate collection system is appropriate for the
expected grain size of the Dead Creek sediments.

The hydraulic capacity of the leachate collection and leak detection
systems is many limes greater than the highest demand placed on the
layers. Minor clogging is not expected, but the capacity of the
systems should provide adequate liquid drainage After the cell is
covered, the flows are nearly zero and clogging will not significantly
limit the systems' performance. An analysis of geotextile clogging
is presented in Appendix C."
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Comment 45:
Comments on
Specification 02200,
Earthwork, Section 24,
Equipment

IKPA Comment or Discussion of Response
This section needs to include specifications for the
equipment used to smooth roll the soil used for the
GCL subgrade.

Solutia Response
Specification 02200 - Earthwork, Section 24, Equipment will be modified to
require the Contractor use a steel, smooth drum roller to prepare the
compacted soil surface of the landfill prior to installing GCL material in the
cell. This section of the Specification will be modified as shown below.

"Section 2.4 EQUIPMENT

1 , All equipment and tools used in the performance of this work
are subject lo the approval of the Construction Manager before
work is started.

2. Contractor shall provide compaction equipment appropriate
for the material types to obtain the densities specified At a
minimum "footed" rollers are expected for compaction of fine-
grained soils or cohesive fills. Smooth drum rollers or hand
compaction methods may be appropriate for granular drainage
material sands and gravels.

3. Contractor shall provide hand-operated compaction equipment
in areas closer than 2 ft from pipes or other appurtenant
structures to obtain the densities specified.

4. Contractor shall operate and maintain compaction equipment
in accordance with the manufacturer's instructions and
recommendations. If inadequate densities are obtained.
provide larger and/or different type equipment at no cost to the
Owner.

5. Contractor shall provide equipment for applying water of a
type and quality adequate for the Work, free of leaks and
equipped with a distributor bar or other approved device to
ensure uniform application.

6. Contractor shall provide equipment for mixing and drying out
material, such as blades, discs, or other approved equipment.

Design Report
Section(s) Modified

Specification 02200
(Section 2.4.9)

Comments
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7. Contractor shall sufficiently weigh the compaction equipment
such that the feet fully penetrate the loose lift during initial
compaction.

8. Contractors mixing and blending equipment shall fully
penetrate loose lifts during mixing to achieve a uniform
material

9. Contractor shall provide steel drum rollers to prepare the
surface of placed or compacted fill prior to placement of
geosynthetic materials."
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133 Comment 46:
Specification 02200,
Earthwork, Section 36,
Placement

This section needs to be revised to address the
following comments:

a. Section 3.6.A.4. states that "differences in
elevation for materials placed and
compacted shall not exceed four feet. . ."
Since material should not he placed in
lifts in excess of eight (8) inches, this 4
foot difference seems excessive. The
basis for a four (4) foot difference needs
to be provided, and the specification
revised as necessary to clarify its intent.

b. Section 3.6.B.9. states lift thickness shall
be controlled by the contractor through
the use of grade stacks. This by itself is
not adequate. The maximum depth of a
loose lift needs to be specified in the
specification: In general, the maximum
depth of a loose lift should not be greater
than eight (8) inches.

c. Section 3.6.C.8 states the density of the
tracked in place soil shall be no less than
90% of the maximum Standard Proctor
dry density. However, other parts of the
document state this layer will not be
compacted. The portions of the Design
Report that discuss this soil layer need to
be revised as necessary to insure the
document is consistent.

Our experience with linear earthfill structures (berms, dams, etc.)
indicates that differences in fill levels greater than four feet will create a
potential vertical face in the embankment. That vertical face can become
a seepage migration pathway, a preferential failure surface location or a
weakened zone of fill with a tendency to crack. This is true even if the
material was placed and compacted in lifts. Section 02200 -Earthwork
was revised to reflect that the portion of the specification cited above
only applies to the fill placed for the embankment and not to any specific
lift. The proposed change to the wording of Specification 0200 Section
3.6.A is given below.

"4. Contractor shall place and compact all materials to prevent
constructed discontinuities in the fill or segregated areas of the
work. Differences in elevation for segments of Compacted
Fill shall not exceed four (4) ft unless otherwise approved in
writing by the Construction Manager. Individual lifts are
required to be placed and compacted per Section 3.6.B of
these Specifications."

Maximum loose lift thickness is required by Specification 02200 -
Earthwork. Section 3.6.B.5 identifies the requirement for 12-inch thick
loose lift thickness during placement. This was included in the draft
version of the design report.

The design report and Specifications have been modified to
consistently require 90 percent of the maximum Standard Proctor dry
density for tracked-in-place fill. Section 4.1.1 Paragraph 6 of (he final
design report will be modified as shown.

"A geonet synthetic drainage composite will be installed over the
secondary lining system to serve as the leak detection layer. A
nonwoven geotextile will be placed over the geonet to prevent soil
intrusion into the leak detection layer. The hydraulic transmissivily of

Specification 02200
(Section 3.6)

URS
Revision I dated 04/02/00
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response _____________Solatia Response__________ _____

gconet is at least 3 x 1 0 centimeters squared per second (cm /sec). At
least 12 inches of native soil will be tracked in place over the leak
detection layer on the cell bottom and compacted to 90 percent of the
maximum dry density indicated by the Standard Proctor test. The
native soil layer will not be installed on the containment cell side
slopes."

Design Report
Section(s) Modified Comments

134 Comment 47:
Specification 02200,
Earthwork, Section 3.10,
Quality Control

Item A 10 requires data to be sealed by a Florida
registered P E The section needs lo be revised to
reference an Illinois registered P.E. In addition,
URS/Monsanto/ Solutia need lo review the entire
document to insure references to Florida
requirements are removed from the document.

Specification 02200 Section 3.10. A. 10 has been modified lo require an
Il l inois registered P.E. seal all data The revised section is presented below.

"10. Contractor shall submit all preconstruction and construction
quality control data with a cover letter signed and sealed by an Illinois
registered professional engineer indicating the requirements of the
Specifications have been achieved and the data as presented is
representative of the material tested."

Specification 02200
(Section 3.10.A)

135 Comment 59:
Specification 02245,
OCL, Section 3.4 Anchor
Trench

The Figures/details of the liner system show the
ends of the liner system laid out horizontally in the
berm, not in an anchor trench. The application
needs to be revised lo consistently identify how the
liner system will be anchored. It is recommended
that an anchor trench be used to hold the liner
system in place.

The system used to secure the liner systems at the crest of the slope is based
on standard design principals for anchor systems. The shape of the anchor
"trench" in this case was based on efficient construction methods and control
of stormwater during construction. As presented in the design report the
anchor system provides the required amount of resistance for pullout and
prevention of movement both during installation of geosynthetic materials
and during placement of sediments into the cell.

Appendix C

136 Comment 60:
Specification 02245, GCL

This specification does not include a section on
Quality Control.

The revised Specification 02245 - Geosynlhelic Clay Liners with
requirements for Quality Control is included as Attachment 13 to this
Response to Comments. This revision wil l be included in the final design
report.

Specification 02245

URS
Revision I d;itcd 04/02/0(1
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Item
Number

Comment
Number 1EPA Comment or Discussion of Response Solulia Response

Design Report
Section(s) Modified Comments

137 Comment 63:
Gas Venting System

Appendix E and Appendix F do not appear to
include any specifications for the materials used to
vent gasses from (he landfill , or the procedures to
install these devices through (he cover syslem.

Specifications for the materials and requirements for construction of the gas
vents in the landfil l cover are presented on the drawings Attachment 14
presents Figure 5-3 from the draft design report with the requested
information. This same figure wi l l be included in the final design report.

Figure 5-3

138 Comment 72:
Seaming Geomembranes

Section 2.5.2, Acceptable Seaming Methods: As
noted in the comments on the Specifications for
geomembranes. this section needs to specify that
the CQA consultant is responsible for insuring the
use of extrusion welds will be minimized.

The revised Construction Quality Assurance Manual for the Installation of
Geosynthetic Components is included as Attachment 15. This CQA manual
is consistent with the requirements of the Specifications for geomembrane
seaming.

Appendix F

139 Comment 73:
Conformance Testing for
Geonets

Transmissivity should be included as a
conformance test in Section 4.2.

As presented in Attachment 15 transmissivity is now included as a required
conformance test in Section 4.2 of the Geosynthetic CQA manual.

Appendix F

140 Comment 76:
CQA Manual. Soil
Components, Appendix
G, Section 4.2.3

The Soil Selection Criteria for each soil
component needs to include measurement of the
thickness of each soil component.

The selection criteria defined in the CQA manual for soil components is
intended to facilitate selection of the appropriate soil to be used in
construction of each component of the landfill. Material thickness is not part
of that consideration. Material thickness is currently included in
Specification 02200 - Earthwork, Section 3.0 under material placement
requirements.

No action required

141

142

Comment 77:
CQA Manual. Soil
Components, Appendix
G. Section 4 2.4

The design report needs to identify the sources of
the borrow soils on a scale drawing. It also needs
to describe how these areas have been used in the
past (e.g. agricultural, industrial, residential, etc.).

Due to several reasons, selection of the borrow site for landfil l construction is
the responsibility of the Contractor. Once a potential borrow site is identified
information on chemical and physical characteristics of the proposed soils
wil l be collected. The location of the borrow site and the above mentioned
test results will be included in our final documentation of the constructed
facility.

No action required

Comment 79:
CQA Manual. Soil
Components, Appendix
G, Section 4.3.3

The design report needs to clarify which
component in the landfill design it considers the
Low Permeability Fil l .

Identification of Low Permeability Fill has been removed from the text of the
design report.

Appendix G

URS
Revis ion I dalcil 04/02AK)
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

143

Comment
Number

Comment 83:
Liner Repairs During
Operation

IEPA Comment or Discussion of Response
The Design Report needs to describe the methods
that will be used to repair any damage to the liner.
which occurs while the landfill is in operation
during placement of the waste (e.g a dozer ripping
the liner) This description needs to address all
layers in the liner system.

Solutia Response
Methods used to repair the geosynthetic materials during placement of
sediments and soils into the cell will be the same techniques used to construct
the cell. Section 6.3 has been added to the final design report to clarify this
point as shown below.

"Section 6.3 Repairs during Construction

During placement of the sediments and soils into the containment
cell observations will be performed to ensure no damage occurs to
the geosynthetic materials. If one of the synthetic materials is
damaged the contractor will be required by the Construction
Manager and CQA Inspector to immediately repair the damage. The
means and methods for effecting these repairs will be the same as the
methods used for construction. This requirement will include
implementing the CQC requirements of the Specification and the
CQA plan."

Design Report
Section(s) Modified

Design Report (Section
6.3)

Comments

URS
Revision I dated 04/02/IX)
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Item
Number

144

Comment
Number

Comment 85.
Peak Flow and Design of
Drainage Control
Structures

1EPA Comment or Discussion of Response
The calculations in Appendix D need to be revised
to address the following comments regarding the
stormwater calculations:

a. The first page of the stormwater control
calculations refer to a peak flow of 16 cfs,
but then use 8 cfs to calculate depth of
flow and velocity. The QTR-55 computer
model in indicates the peak flow for a 25
year 24 hour storm is 1 1 cfs Therefore,
the design calculations should use at least
1 1 cfs for the flow.

b. The design of the down chute uses a
depth of flow of 0.38 inches when the
depth of flow in the drainage swale
upstream from the chute is indicated to be
0.58 inches. The calculations need to
identify how the depth of flow in the
down chute was determined.

c. The calculations for sheet flow use the
amount of rainfall from a 2 year 24 hour
storm This is not acceptable. The design
needs to be based on the rainfall from a
25 year 24 hour storm.

Solutia Response
The stormwater control system and the drainage control structures were
modified to address these comments. The design calculations detailing these
changes are included as Attachment 16.

Design Report
Section(s) Modified

• Design Report
(Section 5.0)

• Appendix D

Comments
Information modified by
subsequent responses to
comments

URS
Revision I daicd 04/02/00
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Hem
Number

145

Comment
Number

Comment 87:
Post-Closure
Requirements

IEPA Comment or Discussion of Response
If the Post-Closure Requirements will be
addressed in the O & M Plan, the Design Report
needs to state this Otherwise, they need to be
included in the Design Report since they were
included in Exhibit 2 of the UAO.

Solutia Response
The final Design Report will identify that these issues will be addressed in the
O&M plan. Section 6.4 will be added to the final design report to present this
information. Section 6.4 will read as follows.

"Section 6.4 Operation and Maintenance Requirements

Post closure requirements for the landfill will be identified in the
operation and Maintenance Plan to be submitted by Solutia within 60
days of the start of construction."

Design Report
Section(s) Modified

Section 64
Comments

URS 1-95
Rcvisinn 1 daicd 04/02/0(1
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solatia Response

Design Report Section(s)
Modified Comments

PART III: IEPA DISCUSSION OF RESPONSE TO COMMENTS • GROUP 111 (FEBRUARY 2001)
146

147

General

Comments 18. 19

The responses lo all comments (e.g. 25. 27, 35, 36.
and 85) do not indicate where the information
provided with the response will be included in the
final Design Report.

Figure 3-5 was not provided

Detailed instructions on the proposed location of the changes to the design
report were included in the response comments. As indicated in each
response, the proposed change wi l l either be incorporated in the an appendix
to the report or included within the text of the document.

This figure will be provided in the final design report.

No action required

Figure 3-5

148 Comment 36 The response did not demonstrate why hard pipes
are not necessary for (he leachate collection
system. The response slates that the calculations
in Attachment 10 demonstrate the design of the
leachate collection system (drainage layers without
hard piping) are well suited for the given design.
The calculations show the maximum leachate head
(without a cover system) could be as much as 17
feel. Thus, it is not clear how this calculation
provides the required demonstration.

Landfill liner system performance is based on the permeability of the primary
Leachate Collection and Removal System (LCRS). Increasing the
permeability of this system will reduce the predicted head during the active
and inactive phases of the landfill

The original landfill liner system design incorporated the use of sand as the
drainage medium of the Primary LCRS layer. A HELP model analysis of this
design (submitted with the Draft Work Plan) estimated a maximum hydraulic-
head of 16-inches over the primary liner system during the operating phase of
the landfill. As demonstrated by our previous analyses, additional controls in
the Primary LCRS appear warranted.

To reduce potential leachate head on the primary system, a geonet layer will
be incorporated in the Primary LCRS for leachate collection and conveyance
The proposed landfill liner system will now consist of the following layers
(top to bottom):

Design Report
(Section 4.5.1)
Appendix C

URS 1-96
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

• 12-inch thick sand layer with a hydraulic conductivity of IxlO'^
cm/sec

• Non-woven geolextile fabric
• Geonet drainage layer with 5 cm/sec permeability (new layer)
• 60-mil HOPE
• 12-inch tracked in place soil
• Non-woven geotextile
• Geonet drainage layer with 5 cm/sec permeability
• 60-mil HOPE
• Geosynthetic clay liner (GCL)
• 6-inch tracked in place soil
• Nonwoven geotextile
• 36-inch thick gravel layer
• Compacted subgrade

The HELP model was executed using the above liner system configuration
overlain by an 80-inch thick sediment layer. This modeling scenario in effect
models the landfill during the filling activity and represents a worst case
scenario. In addition, the following conservative assumptions were made and
implemented in the HELP model run:

• 100 percent of the rainfall will infiltrate into the placed fill
• The filled sediments is exposed to the weather with no temporary or

permanent cover
• The permeability of the geonet is assumed to be 5 cm/sec.

The following table summarizes the HELP model peak daily output for the
head condition on the primary liner (layer 4):

Design Report Section(s)
Modified Comments

URS 1-97
Revision I dated 04/02/W
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solulia Response

peak daily values Tor years 1974 through 1978

(inches) (cu ft)
precipitation 3.80 137940
runoff 0.0 00
drainage from lateral drainage layer 0.26 939.4
(Geonel, layer 3)
percolation/leakage through primary 0.0 .00005
I IDPE liner (layer 4)
average head on lop of layer 4 0.126
maximum head on top of layer 4 | 0.247

Based on the HELP model results, the addition of a geonet layer will greatly
reduce the hydraulic head on the liner system and mitigate the need to install
piping on the bottom of the cell. Attachment 1 to this submitlal includes the
results of this HELP analysis.

We recommend replacing the calculations provided as Attachment 10 of
Solutia's response dated January 22, 2001 with the attached HELP model
analysis of the revised liner system design (Attachment 1 )

Design Report Section(s)
Modified Comments

URS
Revision I dated 04/()2/(X)
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Item
Number

149

Comment
Number

Comment 37.C
IEPA Comment or Discussion of Response

The response did not adequately address the
questions regarding the leachate levels in the
Ulil.P model. It is still not clear how/if the waste
sediments (layer 6) is included in the HELP model
of the closed landfill.

Specifically, the annual totals for year 1 do not
include this layer Second, it is still not clear why
the head on the HOPE (layer 8) goes to 0.0 feet in
the first year. Given the leachate head that could
accumulate in the landfill during construction, (see
response to Comment 36 and Attachment 10), it
seems unlikely that all this water would be gone in
1 year.

Solutia Response
The HELP analysis of the closed landfill did include the waste sediment layer
in the evaluation of potential leachate generation for both the operating and
closed conditions. Initial moisture contents assumed in the analysis were
default values assigned by the program. As indicated by our response to
Comment 37.C in Solutia's January 22, 2001 submittal practically 100 percent
of stormwater falling on the closed landfill is managed by the cover system.
Slormwater that does infiltrate the cover system is absorbed by either the
topsoil layer or the contained sediments.

Design Report Section(s)
Modified

Appendix C
Comments

URS
Revision I dated 04/02/IX)
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Hem
Number

Comment
Number IEPA Comment or Discussion of Response SoluUa Response

Design Report Section(s)
Modified Comments

150 Comment 38.b The issue of clogging and cleanup of the leachate
collection system needs to be addressed before the
system is installed. (This is similar to the response
given to Comment 82.) The response states that
management of clogging and cleanup procedures
will be provided in the O&M manual. This is not
acceptable. First, the response did not address the
question of how clogging would be detected.
Second, these procedures need to be part of the
Design Report since the leachale collection system
cannot be modified once the landfill is completed.
While it is true that the models show very little
leachate is expected once the landfill is closed,
clogging and cleanup of the leachate collection
system are still important issues now because a
problem with the cover system could result in an
increase in leachale in the future.

In our opinion, the use of pipes as the primary leachate collection system will
not improve the efficiency of the leachale collection and removal. Based on
our experience we do not believe that installation of a piping system for
leachate collection is appropriate for the following reasons:

• Potential clogging of pipe perforations.
• Carrying capacity of the pipes is much less that the drain system

currently designed for the landfill.
« If a section of the pipe does become clogged, that portion of the

collection system is rendered useless until detected and cleaned

The sand and gravel layer proposed for the Primary LCRS (in addition to the
geonet layer proposed for this system) is designed with a high degree of
tolerance for clogging. If an area of the primary system was to experience
some encrustation or localized clogging, leachate will not be prevented from
entering the LCRS geonet layer or the gravel sump for removal from the
system. Leachate will not accumulate over the system, the liquid will
continue to seek the lowest possible level by flowing around the zone of
reduced permeability.

No action required

151 Comment 85 The response does not adequately address the
concerns regarding the design of the run-off
control system

URS 1-100
Revision I dated 04/02/(K)



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report Section(s)
Modified Comments

The Design Report does not describe how the
water will be managed when it reaches the
bottom of the berm.

Perimeter ditching and a controlled downlel structure for stormwater falling
on the landfill are incorporated into the design. To better manage the
stormwater runoff and minimize the potential for erosion, the stormwaler
conveyance at the confluence of the two swales located at the northwest
corner of the landfill (at the lop of the berm) has been modified. The
modification entails the installation of two interconnected drop inlets placed
at different elevations. The first pre-cast inlet will be placed at the confluence
of the two swales and the second inlet wi l l be placed immediately to the north
and will be set at a lower elevation. The stormwater wil l then flow out of the
lower inlet into a drainage ditch with an ultimate outfall to Dead Creek,
located on east of the landfi l l . In addition, the drainage ditch bottom slope
was flattened and rip-rap will be added, as appropriate, to provide further
erosion protection

Design Report
(Section 5.0)
Appendix D

Illinois EPA is concerned with the design of
the entrance to the downchute. This part of
the design will redirect approximately half of
the run-off 180°. A change in the flow
direction to this extent wi l l likely result in
increased erosion to the drainage
swales/berms. The report needs to discuss this
design aspect of the system, how it will be
designed to resist erosion, and why this design
was chosen over other options such as having
two down chutes.

The design of the downchute structure was modified to address IRPA's
concerns regarding erosion and potential long term increased maintenance.
To better manage the stormwater runoff and minimize the potential for
erosion, the stormwater conveyance at the confluence of the two swales
located at the northwest corner of the landfill (at the top of the berm) has been
modified. The modification entails the installation of two interconnected
drop inlets placed at different elevations. The first pre-cast inlet wi l l be
placed at the confluence of the two swales and the second inlet will be placed
immediately to the north and will be set at a lower elevation. The stormwater
wi l l then flow out of the lower inlet into a drainage ditch with an ul t imate
outfall to Dead Creek, located on east of the landfill. In addition, the drainage
ditch bottom slope was flattened and rip-rap will be added, as appropriate, to
provide further erosion protection.

The rational method was used to determine the total runoff from [he cover
system and to size the inlet system. The calculations and the design of the
inlet drainage structures are based on a 25-year, 24-hour storm event. A copy
of the design calculations is provided as Attachment 2 to this suhmittal.

Design Report
(Section 5.0)
Appendix D

URS 1-101
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Item
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report Section(s)
Modified Comments

The response does not indicate why a 2-yr.
storm event is used to calculate Time of
Concentration.

The original calculations for the stormwater system were performed using the
TR-55 model. To estimate (he lime of concentration for sheet flow, the
model uses the following Manning's kinematic equation to compute Tc,

Tc= 0.007 (nL)

Where:

Tt = Travel time (hr)
n = Manning's roughness coefficient
L = Flow length (ft)
P2 = 2-year, 24-hour rainfall (in),
S = Slope of hydraulic gradient line (land slope, ft/ft)

The 2-year, 24 hour storm event is recommended for sheet flow distances that
are less than 300 feet by TR-55.

Design Report
(Section 5.0)
Appendix D

The calculations of the downchute on page 3
of 7 do not include the depth of flow or
indicate if a velocity of 8.9 fps is acceptable.

The design of the downchute structure was modified to address IF.PA's
concerns regarding erosion and potential long term increased maintenance.
To better manage the stormwater runoff and minimize the potential for
erosion, (he stormwater conveyance at the confluence of (he two swales
located at the northwest corner of the landfill (at the top of the berm) has been
modified. The modification entails the installation of two interconnected
drop inlets placed at different elevations. The first pre-cast inlet will be
placed at the confluence of the (wo swales and the second inlet will be placed
immediately to the north and will be set at a lower elevation. The slormwater
will then flow out of the lower inlet into a drainage ditch with an ultimate
outfall to Dead Creek, located on east of the landfill. In addition, the drainage
ditch bottom slope was flattened and rip-rap will be added, as appropriate, to
provide further erosion protection.

Appendix D (Figure
5-1)

URS 1-102
Revision I dated 04/02/00
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SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Kern
Number

Comment
Number IEPA Comment or Discussion of Response Solutia Response

Design Report
Section(s) Modified Comments

PART III: IEPA ADDITIONAL DISCUSSION OF RESPONSE TO COMMENTS - GROUP III (MARCH 2, 2001)
152

153

Comment 1

Comment 2

Regarding Response No. 85 (surface water runoff)
in the February 27, 2001 submittal, please provide
a drawing of the proposed storm water
management system.

Clarification question to Response 36 regarding
the HELP model analysis
(a) The format is different from the last one - why?

Two drawings are provided with this submittal as Attachment 1 . These
drawings reflect the proposed changes to the landfill cover storm water
management system.

The format for the HELP analysis submitted on February 27, 2001 is
essentially the same as that submitted with the Draft Design Report. The
HELP model runs provided in our February 27, 2001 submillal were based on
a l-acre size cell. The HELP analysis provided in the Draft Design Report
was based on 2.910 acres. The drainage distance to the sump in the February
27, 2001 analysis was the same as that used in the Draft Design Report. This
should have no impact on the prediction of head on the primary liner system.
However, the leachate generation rate is sensitive to the total area of the cell
evaluated. To estimate the leachate generation rate for the entire landfill area,
the generation rate/acre can be multiplied by the total acres to determine the
overall volume. Therefore, assuming a 3-acre cell, the maximum leachate
generation rate expected to develop from the Primary LCRS (Layer 3) will be
less than 0.8 in.

Figure 5-1

No action required

URS 1-103
Revision I dated 04/02/M



SECTION ONE RECORD OF COMMENTS TO DRAFT DESIGN REPORT

Hem
Number

Comment
Number IEPA Comment or Discussion of Response

(b) The period for the KELP analysis suhmilted on
February 27, 2001 appears to be 1974 to 1978.
Why is the period used different from the last one -
which was for a different and longer period (20
years). Mr. Watson did comment that a four-year
period is probably appropriate since the model is
only for construction of the landfill.

(c) The [IELP model should be labeled or titled
"FOR CONSTRUCTION ONLY"

Solutia Response
The weather data for a 5-year period (1974-1978. inclusive) was used instead
of the 20-year period provided in the HELP analysis in the Draft Design
Report. The HELP model contains default weather data for various parts of
the United States. The five-year data used in the February 27, 2001 submillal
is based on actual measurement of climatic conditions for the five year period
of 1974 through 1978. The HELP model run included in the Draft Design
Report used actual data for a 20-year period. The default rainfall data
provided in the program is a more conservative estimate. For instance, the
daily peak rainfall for the 5-year period (1974 through 1978) is 3.80 inches
compared to 3.44 inches for the 20-year data. Therefore, the HELP analysis
provided in the February 27, 2001 evaluation is a conservative estimate of
system performance.

The HELP model will be labeled "For Construction only."

Design Report
Section(s) Modified

Appendix C

Appendix C

Comments

URS
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SECTION TWO BACKGROUND

Solatia Inc. has entered into a Unilateral Action Order (UAO) agreement with Region V of the U.S.
Environmental Protection Agency (EP) to address concerns regarding affected sediments and soils
in and adjacent to Dead Creek in Cahokia. Illinois. The sediments within Dead Creek are part of a
larger Superfund Site known as Sauget Area 1. The UAO requires removal of the affected
sediments from the creek and transfer to a TSCA compliant disposal facility. The disposal facility
will be located adjacent to Dead Creek on land owned by Solutia within the segment known as CS-
B. Removal of the affected sediments and transfer to the disposal cell is being performed under the
UAO on an emergency basis. Figures 2-1 and 2-2 present the location and vicinity of the project
site.

This report addresses the design, construction and operation of the disposal cell. The design was
prepared to respond to Exhibit 2 of the UAO. The following table demonstrates how the
requirements of Exhibit 2 of the UAO are addressed.

Exhibit 2

Design. Construction and Operation
Requirements for Containment Cell
a. Sediment Description
b. Liner System

• Liner System Description
• Liner System Location Relative to

High Water Table
• Loads on Liner System
• Liner System Coverage
• Liner System Exposure Prevention

c. Foundation
• Foundation Description
• Subsurface Exploration Data
• Laboratory Testing Data

d. Engineering Analysis
• Settlement Potential
• Bearing Capacity
• Stability of Landfill Slopes
• Potential for Excess Hydrostatic

or Gas Pressure
e. Synthetic Liners

• General Information
• Synthetic Liner Compatibility Data
• Svnthetic Liner Strength

Design Report

Note 1

Section 4.1.1 Liner System Description

Note 2
Section 4.3.2
Section 4.1.4
Section 4.1.5

Section 3.0
Section 3.3
Section 3.2

Section 4.2.1
Section 4.2.2
Section 4.2.3

Section 4.2.6

Synthetic Liner Strength
Lining System Coverage
Lining System Exposure

Site Characterization
Subsurface Conditions
Geotechnical Testing

Settlement Potential
Bearing Capacity
Cell Slope Stability

Potential Excess Pressure

Section 4.3.1 General Information
Note 3
Section 4.3.2 Synthetic Liner Strength

URS 2-1
Revision 1 04/02/01
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SECTION TWO

h.

• Synthetic Liner Bedding
Cieocomposite Liner (GCL)
• Description
• Material Testing Data
• GCL Liner Compatibility Data
• GCL Liner Strength
Liner System, Leachate Collection
and Detection System
• System Operation and Design

• Equivalent Capacity
• Grading and Drainage
• Maximum Leachate Head
• System Compatibility
• Stability of Drainage Layers

Layers
• Strength of Piping
• Prevention of Clogging
Liner System, Construction and
Maintenance
1) Material Specifications

Synthetic Liner Specifications
GCL Liner Specifications
Leachate Collection/Detection
System

2) Construction Specifications
Liner System Foundation
GCL Liner
Synthetic Liner
Leachate Collection/Detection
System

i. Construction Quality Control Program
j. Maintenance Procedures for Leachate

Collection/Detection System
k. Liner Repairs During Operation

1) Run-off Control Systems
Design and Performance
Calculation of Peak Flow
Management of Collection and
Holding Units
Construction
Maintenance

_______BACKGROUND
Section 4.3.3 Synthetic Liner Bedding

Section 4.4.1 General Information

Note3
Section 4.4.2 GCL Strength

Section 4.5.1

Section 4.5.2
Section 4.5.3
Section 4.5.4

Note 3
Section 4.5.5

Section 4.5.6
Section 4.5.7

System Operation &
Design
Equivalent Capacity
Grading and Drainage
Maximum Leachate Head

Stability of Drainage

Strength of Piping
Prevention of Clogging

Section 6.1.1 Material Specifications

Section 6.1.2 Construction Specifications

Appendix F and Appendix G

Note 4
Specification 02244

Section 5.5.1 Design and Performance
Section 5.5.1.1 Calculation of Peak Flow

Section 5.5.1.2 Collection & Holding Units
Section 5.5.1.3 Construction
Section 5.5.1.4 Maintenance

URS 9.9
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SECTION TWO BACKGROUND
Control of Wind Dispersal

Closure and Post-Closure Requirements
a) Closure Requirements

Closure Plans
Closure Performance Standards
Cover Design
Minimization of Liquid Migration
Maintenance Needs
Drainage and Erosion
Settlement and Subsidence
Freeze/Thaw Effects

b) Post-Closure Requirements
Post-Closure Plan
Inspection Plan
Post-Closure Monitoring Plan
Post-Closure Maintenance Plan
Notice in Deed and Certification

Section 5.6

Section 5.1
Section 5.2
Section 5.3
Section 5.4.2
Section 5.4.3
Section 5.4.4
Section 5.4.5
Section 5.4.6
Note 5

Control of Wind Dispersal

Closure Plans
Performance Standard
Cover System Description
Minimization of Migration
Maintenance Needs
Drainage and Erosion
Settlement & Subsidence
FreezeAThaw Effects

Notes:

1) Time Critical Removal Action Work Plan, Section 3.0 Sediment Chemical Analyses and Bioassays

2) Time Critical Removal Action Work Plan. Section 2.8. Groundwater Levels

3) Compatibility tests were completed and are included as Appendix J.

4) System is designed to minimize maintenance so description of maintenance is needed.

5) Post-closure will be addressed in the O&M Plan which is due 60 days after completion of cell construction.

Design data, contaminant cell construction requirements and all details referenced in the following
text is located in the appendices. A brief listing of the information included in each follows:

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

Site Characterization
Foundation Evaluation
Liner System Component Design
Cover System Component Design
Technical Specifications

URS
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SECTION TWO______________________BACKGROUND

Appendix F Construction Quality Assurance Manual for Installation of
Geosvnthetic Components

Appendix G Construction Quality Assurance Manual for Installation of Soil
Components of the Lining and Final Cover Systems

Appendix H Geosvnthetic Material Data Sheets
Appendix I Technical Information on Performance of Geosvnthetic Clay Liners
Appendix J Material Compatibility Study
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SECTION THREE SITE CHARACTERIZATION

3.1 FIELD INVESTIGATION

3.1.1 1999 Investigation

A total of four borings were drilled and a piezometer installed on the property between
November 8. 1999 through November 10, 1999. Two hand-auger borings were drilled on
November 15, 1999. The geotechnical borings are designated GB-1 through GB-3, the
piezometer is PZ-1, and the hand-auger borings are HA-1 and HA-2. Two borings, GB-1 and
GB-3. were drilled to depths of about 50 ft and GB-2 was drilled to a depth of about 75 ft.
Boring GB-2 was drilled deeper to estimate the vertical extent of loose to medium dense
alluvium to help assess settlement and liquefaction potential of the site. The piezometer boring
was drilled to a depth of about 20 ft and a piezometer was installed to that depth. A URS
representative directed the field investigation, logged the borings and collected soil samples for
geotechnical laboratory testing.

The work was conducted in accordance with Solutia's site policies and procedures and with a
site-specific health and safety plan approved by URS and Solutia.

The borings were drilled with a CME-55 truck-mounted drilling rig owned and operated by
Roberts Environmental Drilling, Inc. (REDI) of Illinois. Borings were advanced using 414-inch
I.D. hollow-stem augers. Once the water table was encountered, typically at a depth of between 9
to 14 ft below ground surface, borings were continued using a 37/8-inch diameter roller bit and a
bentonite-based drilling mud.

Soil samples were obtained from the borings using either a 1'/2-inch I.D. split-spoon sampler in
accordance with the Standard Penetration Test (SPT) Method (ASTM D-1586) or a hydraulically
pushed thin-walled sampler (Shelby tube) to obtain "undisturbed" samples.

Sampling was made at 2V2-ft vertical intervals in the upper 10 ft and at 5-ft vertical intervals
thereafter. Upon completion, the borings were tremie-grouted with a cement-bentonite mixture.
Drilling spoils and excess sample were placed in containers provided by Solutia along with
drilling fluids displaced during grouting.
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SECTION THREE_________________SITE CHARACTERIZATION

3.1.2 2000 Investigation

Two additional test borings, GB-4 and GB-5 were drilled on November 17, 2000 by Hamss
Drilling Under technical supervision of URS. Borings were advanced with 9-inch O.D. hollow-
stem augers using a CME-750 drilling rig to depths of 20 ft below grade. Continuous samples
were obtained using either a standard split-spoon sampler (ASTM D-1586) or hydraulically
pushed thin-walled tubes (ASTM D1587). It was originally planned to use only thin-walled tube
samples, but due to the predominantly granular nature of the soil, split-spoon samples were
primarily taken.

The borings were tremmie-grouted upon completion with a cement-bentonite mixture. Drilling
spoils and excess sample were placed in containers provided by Solutia along with drilling fluids
displaced during grouting.

3.1.3 Site Subsurface Profile

Field boring logs were prepared by a URS representative based upon recovered soil samples,
cuttings, drilling characteristics, and field conditions. The approximate locations of the borings
and the piezometer installed for this study are shown in Figure 3-1. These locations are
presented against an approximate footprint of the containment cell. The logs were subsequently
modified to reflect laboratory test results. Detailed logs of borings and piezometer installation
are included in Appendix A. Graphic boring logs depicting generalized subsurface conditions
are shown in Figures 3-2 and 3-3. Approximate elevations for the base of the Capillary Break
Layer with respect to the site subsurface profile are presented in Figures 3-2 and 3-3.

3.2 GEOTECHNICAL LABORATORY TESTING

Geotechnical laboratory tests were performed on selected soil samples to characterize the index
and strength properties of the subsurface soils. The tests performed included visual
classification, water contents, liquid and plastic limits, unconfined compression strength and
consolidation tests. The types of tests performed are given in the following table:
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SECTION THREE SITE CHARACTERIZATION

SUMMARY OF LABORATORY TESTS PERFORMED
Test Name

Unit Weight + Water Content
Classification of Soil
Water Content
Liquid and Plastic Limit
Sieve + Hydrometer
Percent Fines
Consolidation
Unconfined Compression
Unconsolidated Undrained Triaxial
Specific Gravity

ASTM Designation
D2937
D2487
D2216
D4318
D422

D1140
D2435
D2166
D2850
D854

Results of the laboratory tests are summarized in Appendix A and are also included on the
detailed boring logs. Unconfined compression tests and consolidation test figures are also
attached.

3.3 SUBSURFACE CONDITIONS

The subsurface conditions at this property primarily consist of about 5 ft of low plasticity silty
clayey soil in bonngs GB-1 through GB-3 to about 20 ft of clayey silts in PZ-1. The upper 5 ft of
clayey materials is underlain by alluvial non-plastic fine sandy silts to depths of about 20 ft in
borings GB-1 and GB-3. Alluvial sands underlie the sandy silts to the drilled depths. The
consistency of the upper cohesive material is typically firm to stiff. The silts within the upper 20
ft are typically loose and the alluvial sands immediately below the sandy silts are loose to
medium dense, and become medium dense to dense with depth. In borings GB-1 and GB-2, the
relative density indicates a loose to medium dense layer exists between elevation 370 and 360
(depth between 40 and 50 ft). Below elevation 360 ft, the relative density vanes between
medium dense to verv dense.

URS 3-3
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SECTION THREE_________________SITE CHARACTERIZATION

3.4 GROUNDWATER

The water surface was encountered between 9 and 15 ft in all borings at the time of drilling on
November 8, 1999. Groundwater was observed at a depth of about 9.5 ft below grade in the
piezometer boring. A piezometer reading of 9.77 ft was recorded on November 15. 1999 and
9.95 ft on November 22, 1995. A piezometer reading of 10.22 ft was recorded on December 1.
1999. In each of the 2000 borings, groundwater was first encountered at depths of about 15 ft
below ground surface but rose between 7 and 8 ft (Elevation 390 to 395 ft) shortly after drilling.
Further details are presented in Appendix A.

3.5 GEOLOGIC CHARACTERIZATION

The Mississippi River floodplain contains unconsolidated valley fill deposits composed of recent
alluvium (Cahokia Alluvium), which overlies glacial material identified as the Henry Formation.
The Cahokia Alluvium (9 recent deposits) consists of unconsolidated, poorly sorted, fine-grained
materials with some local sand and clay lenses. These recent alluvium deposits unconformably
overlie the Henry Formation, which is Wisconsinian glacial outwash in the form of valley-train
deposits. The Henry Formation is about 100 ft thick. These valley-train materials are generally
medium to coarse sand and gravel and increase in grain size with depth. Unconsolidated deposits
are underlain by bedrock of Pennsylvanian and Mississippian limestone and dolomite with lesser
amounts of sandstone and shale. Figure 3-4 presents a surface map of the bedrock surface within
the East St. Louis area. The approximate location of the site is included in that figure. Figure 3-
5 presents a cross section of the site from ground surface to bedrock.
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SECTION FOUR LANDFILL DESCRIPTION AND SYSTEM DESIGN

4.1 LINER SYSTEM

The bottom liner system for the proposed containment cell wil l be a multi-component composite
l ining with leachate collection and leak detection layers. A description of the components is
provided below.

4.1.1 Description

The proposed landfill liner system on the base of the cell will consist of the following layers (top
to bottom):

• 18-inch thick sand layer
• Non-woven geotextile fabric
• Geonet drainage layer
• 60-mil HDPE (smooth)
• 12-inch tracked in place soil
• Non-woven geotextile
• Geonet drainage layer
• 60-mil HDPE (textured)
• Geosynthetic clay liner (GCL)
• 6-inch tracked in place soil
• Nonwoven geotextile
• 36-inch thick gravel layer
• Subgrade or compacted fill

The proposed landfill liner system for the side slopes of the cell will consist of the following
layers (top to bottom):

Non-woven geotextile fabric
Geonet drainage layer
60-mil HDPE (smooth)
Geonet drainage layer
60-mil HDPE (textured)
Geosynthetic clay liner (GCL)

URS 4-1
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

• Compacted f i l l

Figure 4-1 shows the proposed configuration of the bottom lining system. Figure 4-2 presents
the proposed configuration of the side slope liner system. HDPE membrane will be
manufactured by GSE, Serrot or equivalent. Geotextile will be manufactured by Mirafi or
equivalent. Geonet and geogrid will be manufactured by Tenax or equivalent. GCL will be
manufactured by CETCO, GSE, Serrot or equivalent. Manufacturers technical data sheets for
these geosynthetics are included in Appendix H.

The subgrade soils will be graded to mirror the intended bottom grades for the completed bottom
liner. An earthen berm will be constructed around the limits of the proposed containment cell to
form the side walls of the cell. The upper 12 inches of the subgrade soils and all the earthen berm
fill will be compacted to at least 95 percent of the soil's maximum dry density as determined by
ASTM D698.

A capillary break layer consisting of 36 inches of gravel will be placed over the prepared
subgrade. The gravel will conform to an ASTM C-33 gradation for coarse aggregates. The gravel
will be tamped in place by the construction equipment. No additional compaction will be
required. The capillary break layer will not be constructed on the containment cell side slopes.

After placing a geotextile on top of the capillary break layer, a 6-inch native fill layer will be
pushed and tracked into place over the capillary break layer. Tracked in place fi l l shall consist of
native soils with clods no greater than two inches compacted to 90 percent of Standard Proctor
maximum density with moisture contents at or near optimum. The containment cell side slope
berms will be constructed of compacted native fill. The tracked in place soil and the compacted
fill will serve as the foundation (bedding layer) for a Geosynthetic Clay Liner (GCL). This
bedding layer will have clods no larger than two inches, will be placed and compacted to at least
90% Standard Proctor Density with moisture contents at or near optimum. Bedding layers will
be smooth with no ruts or sharp edges before, during and after installation of the overlying
geosynthetic material. They will provide a surface capable of supporting the geosynthetics and
other layers in the liner system. The GCL will be rolled into place and overlapped with adjacent
panels.

A textured 60-mil High Density Polyethylene (HDPE) liner will be placed directly over the GCL
to serve as the secondary lining system. The HDPE lining panels will be heat seamed to form a

Revision 1 04/02/01
4—.Z \^niOI\shareJVC1000O\40OOW05J 00\Fmi.l Design Rcp<Tl*er«ci\SoHn«i J Jn:



SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

continuous membrane barrier. The seaming will be either pressure or vacuum tested to verify the
integrity of the seams. Mechanical tests of the seam integrity wi l l be performed by removing test
samples from the completed lining and destructively testing the samples. The lining sample
locations wi l l be patched with an extrusion welded HDPE patch.

A geonet synthetic drainage composite will be installed over the secondary lining system to serve
as the leak detection layer. A nonwoven geotextile will be placed over the geonet to prevent soil
intrusion into the leak detection materials. At least 12 inches of native soil will be tracked in
place over the leak detection layer on the cell bottom. The tracked in place soil layer will serve
as the bedding layer for the overlying geosynthetic materials. Bedding layer soils will have clods
no larger than 2 inches, will be placed and compacted to 90 percent Standard Proctor Density and
will have a moisture content at or near optimum. Bedding layers will be smooth with no ruts or
sharp edges before, during and after installation of the overlying geosynthetic material. They will
provide a surface capable of supporting the geosynthetics and other layers in the liner system.
The tracked in place soil layer will not be installed on the containment cell side slopes.

A smooth 60-mil HDPE lining will be placed on the tracked in place soil layer on the cell bottom
to serve as the primary lining system. The HDPE lining will be placed directly over the geonet
drainage layer on the cell's side slopes. The HDPE lining panels will be heat seamed to form a
continuous membrane barrier. The seaming will be either pressure or vacuum tested to verify the
integrity of the seams. Mechanical tests of the seam integrity will be performed by removing test
samples from the completed lining and destructively testing the samples. The lining sample
locations will be patched with an extrusion welded HDPE patch.

The primary collection system will consist of a geonet and geotextile combination placed directly
over the primary HDPE liner on the base and side slopes of the containment cell. At least 18
inches of sand will be placed over the geotextile/ geonet combination to form the primary
leachate collection system in the bottom of the containment cell. No compaction will be
performed on the sand layer. The minimum hydraulic conductivity of the sand will be 1 x 10~3

cm/sec. Rounded pea gravel will be substituted for the sand around the perimeter of the cell
bottom to provide higher transmissivity for leachate removal.

Leachate collection on the cell's side slopes will be provided by a geonet/ geotextile drainage
composite to prevent soil clogging. The hydraulic transmissivity of geonet is at least 5 cm/sec.
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SECTION FOUR ________ LANDFILL DESCRIPTION AND SYSTEM DESIGN

The wastes placed in the containment cell wil l directly contact the drainage composite on the side
slopes.

As indicated previously the primary liner system on the side slopes of the landfill will be similar
to that designed for the bottom. The tracked in-place clay layer beneath the primary
geomembrane liner wil l not extend up the side slope. In addition, the primary collection system
wi l l consist of a geonet and geotextile placed directly on the primary geomembrane liner. Figure
4-2 presents this configuration.

The lining and geonet layers will be buried in anchor trenches at the top of slope around the
containment cell.

The designed capacity of the containment cell is 50,000 yd3. Calculations demonstrating this are
provided in Appendix B.

4.1 .2 Liner System Location Relative to the High Water Table

A piezometer installed at the proposed containment cell location has been used to monitor the
groundwater depth at the site from November 1999 through April 2000. The groundwater level
was observed fluctuating between 9.5 and 12.45 ft below ground surface (about elevations 392.5
and 389.55 ft). The minimum elevation of the secondary lining system will be 398.8 ft. Details
of measured groundwater levels at this site are presented in Appendix A.

4.1 .3 Loads on Lining System

The loads on the lining system were evaluated to determine if they could damage the lining
system. The following paragraphs describe the various loads and results of calculations for those
loads. Calculations demonstrating the estimated loads on the liner system are included in
Appendix C.
Internal and external pressure gradients were evaluated. Two methods for the cell to experience
a pressure gradient are envisioned, gas evolution from waste decomposition and barometric
pressure change. The containment cell cover system will incorporate a vent system to equalize
the internal and external pressure and to vent gases generated in the wastes. The overburden soil
on the cover system exerts a vertical stress of over 200 psf on the cover lining. Therefore, the
cover lining is not likely to balloon due to barometric pressure change of less than 3 inches of
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SECTION FOUR ________ LANDFILL DESCRIPTION AND SYSTEM DESIGN

mercury. Gas generation from the waste material is anticipated to be minor since the wastes are
largely inorganic or previously decomposed. The vent system will allow generated gas to exit the
cell without pressure buildup. Gas vents will penetrate a minimum of 18 inches into the
compacted sediments.

Lining systems may be ruptured by excessive deflection from foundation uplift or differential
settlement. The 100-year flood elevation for this area is reported to be about elevation 406 ft.
Based on a minimum secondary lining elevation of 398.8 ft, the lining system should not uplift as
long as there is at least 4 ft of soil lining components or waste over the secondary lining. Damage
to the lining system by uplift is not likely.

Differential settlement of the containment cell bottom can elongate the HDPE linings beyond
their strain capacity. As shown in the settlement analyses below, the differential settlement is
expected to be less than 1-inch. The bottom settlement is anticipated to assume a spherical shape.
The bottom lining along the side wall embankments will settle little while the lining settlement
increases to the center of the cell. The bottom settlement produces a lining strain of less than 0.1
percent. This lining strain is much less than the elastic strain limit (about 4 percent) and the
plastic strain limit (about 700 percent) of the HDPE lining material. Differential settlement is not
likely to damage the lining system.

Static and dynamic loads should not affect the lining system. The relatively minor waste
thickness produces only minor static loads on the lining system. The loading from the wastes,
cell cover, and proposed post-closure land use are well within the lining system's capability.
Dynamic loads from construction and earthquakes are anticipated. Specifying a minimum cover
soil thickness between any equipment and the lining will control dynamic loading of the lining
system. Additionally, an engineered side slope protection layer will be incorporated in the cell
where equipment traverses the slope or soil will be pushed or dumped down the slope.
Earthquake accelerations in this area are minor and are not anticipated to cause any damage to
the lining system. Earthquake analysis is provided in a later section of this report.

4.1.4 Lining System Coverage

The lining system at this site is designed to cover the entire footprint of the proposed
containment cell. Since this facility will be an above grade disposal unit, perimeter berms wil l
completely surround the cell. Figure 4-3 presents a plan of the site preparation required to
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

achieve the desired disposal capacity for the site. Figures 4-4 and 4-5 present the secondary and
primary geomembrane layouts for the cell. A plan view of the primary collection system
coverage is shown on Figure 4-6. Figure 4-7 presents the details of the liner system proposed
anchorage at the crest of the perimeter containment levee. Design calculations demonstrating the
capacity of the anchor system (presented in Figure 4-7) are included in Appendix C.

Wastes will only be placed within the lined containment cell. Leachate collection and leak
detection systems wil l control and collect all liquids from the cell. No wastes or leachate will
contact the surrounding ground.o'

4.1.5 Lining System Exposure Prevention

Certain synthetic components in the proposed lining system can be injured by various
environmental exposures. Two potentially damaging environmental exposures are sunlight and
wind. Sunlight can degrade unprotected plastics and polymers. Wind can displace and damage
placed materials due to uplift causing pinholes, wrinkles and weakened locations at folds. The
HDPE membrane linings will not be exposed for more than about 4 to 6 months on the
containment cell side slopes.

Wind damage to the geosynthetic liner systems is another potentially significant problem
resulting from exposure to the elements. Damage to geosynthetics is typically due to
displacement after the material has been installed. Prevention of this potential damage will be
managed by placement of the succeeding soil / sand layer on the base of the landfill and via the
use of sandbags on the side slopes of the cell.

Geotextile fabrics are susceptible to sunlight degradation. Several steps will be put into place to
avoid extended sunlight exposure. Where possible, the geotextiles will be covered with soil as
soon as possible after placement. The maximum sunlight exposure period will be 2 weeks. The
geonet leachate collection layer on the cell's side slopes may not be covered with wastes for 4 to
6 months. Therefore, the side slope geonet drainage composite will be covered with an opaque
plastic sheet until wastes are placed on the geonet. Sandbags will anchor the plastic sheeting over
the geonet.
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

The GCL lining is composed of two geotextiles sandwiching bentonite clay. The GCL has sun
and precipitation exposure limitations. The GCL installation will be conducted so that the GCL is
covered with the HDPE lining within one day of placement.

Installation requirements for placement of GCL materials includes the following:

• Do not place GCL in the rain or at time of impending rain
• Do not place GCL in areas of ponded water
• Replace GCL that is hydrated before placement of overlying geomembrane layer
• In general, only deploy GCL that can be covered during that day by geomembrane

or a minimum of twelve (12) inches of approved cover soil.

Technical information demonstrating the behavior of GCL materials is included as
Appendix I.

4.2 ENGINEERING ANALYSES

4.2.1 Settlement Potential

As previously described, the soil conditions are relatively good with respect to settlement
potential of the proposed containment cell. The relatively thin surficial clay and silt layers have
little settlement potential. The underlying sands and silty sands are generally medium dense to
dense with minor settlement potential. Regionally, the depth to bedrock is known to be about
120 ft below ground surface. These factors reduce the settlement potential at the site.

The small proportion of silt and clay soil thickness in the subsurface profile indicates that most
deformation beneath the containment cell will be due to immediate settlement. Consolidation
settlement will not be a significant factor at this site.

The proposed containment cell will be founded on the existing foundation soils between 395 and
407 ft elevation.

The embankment surrounding the cell will be constructed first and the lining system and wastes
placed last. The embankment is expected to undergo most of its settlement during its
construction. The embankment is expected to settle about 2.5 inches during its construction. The
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

bottom l ining system wil l settle about 2.5 inches at the center of the bottom and about 1.5 inches
at the bottom perimeter. The differential bottom settlement is about 1-inch. The anticipated
differential settlement of the bottom lining should produce a grade change of less than 0.05
percent. The differential settlement should not adversely affect the lining integrity or drainage.
Details of this analysis are presented in Appendix B.

4.2.2 Bearing Capacity

The surficial clay and silt samples collected at the site were found to have undrained shear
strengths ranging from 250 to 440 pounds per square foot (psf). Those strengths indicate soils
with soft to firm consistency. The underlying sandy soils were observed to be very loose to
medium dense. The limiting bearing capacity strata was found to be the surficial clays and silts.
Based on the minimum undrained shear strength above, the ultimate bearing capacity of the
existing subgrade soils is about 1,300 psf. Details of this evaluation are presented in Appendix
B.

4.2.3 Containment Cell Slope Stability

The embankment slopes for the containment cell will be constructed from compacted natural fill
obtained onsite or imported to the site. The minimum undrained shear strength of the
embankment fill is estimated to be 1000 psf. The peak ground surface horizontal acceleration
used in the stability calculations is 0.16g.

Slopes excavated below existing grade will have a slope angle no steeper than 3 horizontal to 1
vertical (3:1). The maximum depth of excavated slopes is about 10 ft below existing grade. For
an undrained shear strength of 480 psf, the stability of this slope is estimated to have a factor of
safety of greater than 20 under both static and seismic conditions. Excavations with side slopes
flatter than 3:1 will have no stability concerns.

As shown in Figure 4-3, the containment cell will be constructed mostly above grade with an
earthen embankment surrounding the cell. The exterior slopes of the embankment will be no
steeper than 4:1. The maximum height of the 4:1 exterior embankment slopes will be about 20
ft. The factors of safety for the exterior embankment slope are 2.5 and 1.5 for the static and
seismic conditions, respectively.
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

The interior slopes of the containment cell wi l l be no steeper than 3:1. The maximum height of
the interior slopes prior to lining system placement is about 12 ft. Factors of safety for the l ining
system slopes was calculated to be greater than 1.5 for a veneer of waste placed in thicknesses of
less than 2 ft and in lengths of 10 ft or less on the slope.

The containment cell l ining system will not be constructed over any waste materials. The
containment cell cover system will have minimum and maximum surface slopes of 3 to 12
percent, respectively. The interface friction angle between the geonet drainage media and the
HDPE lining was assumed to be about 16 degrees. Calculations of short-term loading and long-
term loading are presented in Appendix C. Information on the typical performance of
geosynthetic clay liners is included in Appendix I.

Interface friction testing will be performed by the Contractor as part of the conformance testing
required by the CQA Manual. This testing will be performed in accordance with ASTM D5321
and will include the following material combinations:

• Textured HDPE / geosynthetic clay liner
• Textured HDPE / geonet
• Smooth HDPE / geonet
• Smooth HDPE / compacted soil
• Geosynthetic clay liner / compacted soil

The selected Contractor will be required to submit conformance test results within "30 days of
contract award."

4.2.4 Seismic Conditions

U.S. Geological Survey (USGS) Hazard Maps show this area has a peak bedrock acceleration
(PGA) of O.lg. The earthquake magnitude for this region is estimated as 6.5. The subgrade soils
at the site do not have liquefaction potential based on the PGA and magnitude estimated for this
area. Details of our evaluation of seismic loading impacts are presented in Appendix A.
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SECTION FOUR_______LANDFILL DESCRIPTION AND SYSTEM DESIGN

4.2.5 Subsidence and Sinkhole Potential

Subsidence and sinkholes are not expected in this region. Neither karstic geology nor mining
activity are present in this region.

4.2.6 Potential for Excess Hydrostatic or Gas Pressure

Excess hydrostatic or gas pressure is not expected to affect the containment cell. The highest
groundwater elevation observed at the site was over 8 ft below the proposed secondary lining
elevation. The maximum flood elevation for this area is reportedly elevation 406. After the
lining system is complete, the static weight of the soil layers in the lining system exceeds the
potential hydrostatic uplift pressure. No heaving of the lining system is anticipated. Calculations
demonstrating this point are included in Appendix B.

The potential for gas pressure within the containment cell is low due to the relatively low
quantity of decomposable matter in the wastes compared to a sanitary waste landfill. A venting
system will be incorporated into the cover system to vent excess gas or barometric pressure from
within the containment cell.

4.3 SYNTHETIC LINERS

4.3.1 General Information

The primary and secondary linings in the bottom lining system and the primary lining in the
cover system will be constructed with 60-mil HDPE membrane. The HDPE liners will be either
textured or smooth surfaced and all will contain ultraviolet protectants. Although the HDPE
manufacturer for this installation is currently undefined, manufacturers such as GSE Lining
Technology or Poly-Flex Inc. produce linings meeting the requirements of the State of Illinois.

4.3.2 Synthetic Liner Strength

Two loading conditions are anticipated for the synthetic linings, soil loading on side slopes and
settlement of the bottom liner system. Calculations were performed to evaluate these two
conditions.
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

The linings on the cell's side slopes will be insulated from downdrag from the overlying waste
material by a geonet drainage composite. Calculations in Appendix C (Lining Tensile Stress) for
the lining stress due to the weight of soil sliding down the side slope show that the lining stress
stays below the HDPE yield stress. Once wastes are placed and compacted in the cell, little
down slope soil movement will be possible. This further limits the probability of l ining
downdrag. The cell construction specifications will prohibit dumping soil down unprotected side
slopes. Where placement traffic on the side slope is required, the slope will be protected by
geogrid reinforcements and additional HDPE fly sheets. As presented in Appendix C the side
slope lining stress will be less than the yield stress of the HDPE geomembrane liner material.
Lateral seams in the lining panels will be prohibited on the side slopes.

Settlement of the bottom lining was previously identified to be minor. The strain in the bottom
lining due to settlement as presented in Appendix C is well within the elastic limit for the HDPE
lining. Settlement calculations in Appendix A and Appendix B of the final design report indicate
that differential settlement of the base of the containment cell after construction and waste
placement will be approximately 2 inches. This translates into an elongation in the HDPE of
approximately 1.3 x 10"5 in/in. Assuming an HDPE modulus of 30,000 psi the stress increase in
the bottom lining is expected to be about 30 psi for each 0.1 percent strain. These values are far
less than the yield strain of 13 percent for the geomembrane. As demonstrated in Appendix C
the bottom linings will not be overstressed.

Synthetic lining seaming will be performed using either hot-wedge or extrusion welding. Either
method will be required to provide a film-tearing bond (FTB) in the parent HDPE linings. The
strength of these seams will be required to achieve at least 90 and 50 percent of the HDPE lining
tensile strength in shear and peel, respectively. The seams will be destructively tested
periodically as provided in the Construction Quality Assurance Plan. All seams will be tested for
hydraulic integrity using vacuum, air-pressure, or electrical methods. Appendix C presents
details of this analysis.

4.3.3 Synthetic Liner Bedding

Synthetic linings will be placed on select soil layers, GCL, or geonet drainage composite for the
containment cell construction. Figure 4-8 presents typical sections for the bottom and slope
lining system showing the proposed linings and bedding configurations. Soil bedding will be free
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

of debris and particles prior to synthetic liner deployment. A wide range of soils, including
sand, can be used as bedding material for geosynthetics. Specification 02200 - Earthwork,
included in Appendix E, Technical Specifications, wil l be used for the geosynthetic bedding
layers in the liner system. Bedding layer soils will have clods no larger than two inches, wil l be
placed and compacted to 90% Standard Proctor Density and will have a moisture content at or
near optimum. Bedding layers will be smooth with no ruts or sharp edges before, during and
after installation of the overlying geosynthetic material. They will provide a surface capable of
supporting the geosynthetics and other layers in the liner system.

4.4 GEOSYNTHETIC CLAY LINING (GCL)

4.4.1 General Information

The GCL used to construct the containment cell will be a commercially available material
composed of two geotextile layers sandwiching bentonite clay granules. The hydraulic
conductivity of the GCL will be no greater than Ix 10"8 cm/sec. Where high internal shear
strength is required from the GCL, the geotextiles will be stitched together. The GCL placed on
the containment cell side slopes will have an internal shear strength of 500 psf (nominal) and a
tensile grab strength of at least 80 pounds. The GCL placed on the cell bottom and in the cover
will have an internal shear strength of 50 psf (nominal) and a tensile grab strength of at least 50
pounds. Lateral and longitudinal seams will be completed by overlapping adjacent panels.

4.4.2 GCL Strength

The GCL material type will be tailored to meet the strength requirements of the location. The
GCL used on side slopes will have 500 psf internal shear strength. Lateral seams will not be
located on the side slopes, only continuous GCL panels. The lower internal shear strength GCL
is suitable for all bottom and cover locations. The GCL material will not undergo any tensile
loading. All tensile stresses will be transferred through the GCL via the internal shear strength to
the underlying soil layers. Appendix C presents the results of this analysis.

Short-term and long-term strength of the GCL is presented in Appendix C for the loading
conditions anticipated. Technical information on GCL performance is included in Appendix I.
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

Interface shear testing wi l l be performed to identify site specific behavior for GCL/HDPE and
GCL/compacted soil combinations.

4.5 LINER SYSTEM, LEACHATE COLLECTION AND DETECTION SYSTEM

The containment cell wi l l incorporate a leachate collection and leak detection system. Details of
the systems are provided below.

4.5.1 System Operation and Design

The leachate collection system over the primary lining system will consist of 18 inches of sand
placed over a geonet/ geotextile layer on the cell bottom area. An 18-inch thick by 36-inch wide
gravel drain will be located around the bottom perimeter of the cell. Figure 4-6 presents a plan
view of this drain and Figure 4-9 presents a cross-section. The gravel will be encased by a
geotextile filter. The minimum hydraulic conductivity of the sand will be 1 x 10° cm/sec. The
gravel will be %-inch pea gravel.

The side slopes will have a geonet/ geotextile drainage composite placed directly on the primary
HDPE lining. The geonet will intersect the gravel berm at the bottom perimeter. The geonet will
be protected during construction by pushing waste material up to the geonet to provide a 2- to 4-
ft buffer between the active waste placement and the lining systems on the side slopes.

The gravel drain will be expanded to a plan dimension of 75 ft by 75 ft in a triangular shape to
serve as a leachate collection sump. An HPDE pipe will extend from the sump to the top of the
completed cover system for periodic leachate removal. A flush-mounted vault will protect the
pipe at ground surface. The pipe will be perforated within the limits of the sump.

Leachate-collection system design will be modified to include a high-level alarm set to ensure
that leachate levels in the leachate collection system are one foot or less. When high level
conditions occur, a warning light will be activated at the containment cell and an autodialer will
notify the O&M contractor of the high level condition. A vacuum truck will then be used to
remove the leachate for off-site disposal. Operational experience will be used to determine
whether it is more cost effective to use a vacuum truck or a permanent pumping system to
remove the leachate. Dedicated pumps are not considered necessary at this time because the
volume of leachate that will be generated is not known nor can it be estimated. Riser and
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SECTION FOUR________LANDFILL DESCRIPTION AND SYSTEM DESIGN

horizontal collector pipes are sized to allow pump installation in the future. Figures 4-10 and 4-
11 present the plan and elevation details of the outlet.

As previously indicated the two options for removal of liquids from the cell is a vacuum truck or
a dedicated submersible pump. Regardless of the method used, the high-level alarm will be
installed into the collection system riser pipe with a dedicated cable. This cable will be marked
with a permanent marker to establish the correct depth for the sensor and facilitate repeatability
in placing the sensor in the riser pipe. Removal of liquids from each sump will be performed to
ensure protection of the sensor.

If a vacuum truck is used the procedures to install and protect the high level alarm are as follows:

• Remove the sensor from the riser pipe.
• Insert the vacuum hose to evacuate the sump.
• When complete remove the vacuum hose and reinsert the sensor to the correct depth.

If a submersible pump is installed in the collection system riser, the high-level alarm will be
permanently fixed to the discharge hose of the pump. In this approach the sensor will not need to
be routinely removed and replaced into the pipe. However to ensure the sensor is not damaged,
the dedicated cable of the sensor will be periodically attached to the discharge hose of the pump
along its length. The location of the sensor will be above the intake section of the pump. Figure
4-8 presents the elevation established for the high-level alarm in the leachate collection, leak
detection and the capillary relief layers.

The leak detection system will mirror the grading in the leachate collection system excepting that
the elevation at the sump will drop an additional 12 inches to accommodate a gravel sump. The
entire leak detection system will consist of a geonet drainage composite. A geotextile filter will
be placed over the geonet where the soil layer between the primary and secondary lining systems
is located. No geotextile will be placed over the geonet on the side slopes where the primary and
secondary linings directly sandwich the geonet. A perforated HDPE pipe will extend from the
gravel sump to the top of the completed cover system for periodic leachate removal. A flush-
mounted vault will protect the pipe at ground surface. Figures 4-12 and 4-13 present the outlet
pipe for the detection layer.
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A 36-inch thick gravel layer wi l l be located beneath the secondary lining system to serve as a
capillary break layer. The layer will mirror the grades of the overlying detection system, draining
to one corner of the bottom area. The gravel layer will be located only beneath the bottom area
of the cell. A perforated HDPE pipe will extend from the gravel sump to an elevation above the
100-year flood elevation where it will exit the cell embankment. A flush-mounted vault will
protect the pipe at ground surface.

Capillary break layer design wil l be modified to include a high-level alarm set to ensure that
leachate levels in the capillary break layer are 1-ft or less. When high level conditions occur, a
warning light will be activated at the containment cell and an autodialer will notify the O&M
contractor of the high level condition. A vacuum truck will then be used to remove the leachate
for off-site disposal. Operational experience will be used to determine whether it is more cost
effective to use a vacuum truck or a permanent pumping system to remove the leachate.
Dedicated pumps are not considered necessary at this time because the volume of leachate that
will be generated is not known nor can it be estimated. Riser and horizontal collector pipes are
sized to allow pump installation in the future. Figures 4-14 and 4-15 present the plan and
elevation detail views of the outlet pipe for the capillary break layer.

Figure 4-16 presents details of the primary collection system and leak detection riser pipes on the
side slope of the cell with the required bedding within the liners.

Calculations were performed to establish the volume of sump required in the primary collection
system. The sump size was based on a calculation of water balance for the cell. The hydraulic
balance for the containment cell was performed using the USEPA computer program Hydrologic
Evaluation of Landfill Performance (HELP), version 3.07. Calculations were performed for a
short term (construction case) and long term (post closure) case. The HELP model was executed
in the construction case using the above liner system configuration overlain by an 80-inch thick
sediment layer without the cover system. This modeling scenario in effect models the landfill
during the filling activity and represents a worst case scenario. In addition, the following
conservative assumptions were made and implemented in the HELP model run:

• 100 percent of the rainfall will infiltrate into the placed f i l l
• The filled sediments is exposed to the weather with no temporary or permanent cover
• The permeability of the geonet is assumed to be 5 cm/sec.
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The construction case simulation indicates that much less than 12 inches of leachate w i l l be
generated even under the worst case assumptions made for the evaluation.

The long-term simulation shows that most precipitation is intercepted by the cover system with
virtually no leachate being produced. The primary leachate source will be from precipitation
during waste placement and entrained moisture in the wastes. The simulation indicates that
annual measurement and removal of leachate from the collection and detection systems will be
sufficient. A peristaltic pump or vacuum truck should be sufficient to remove the collected
leachate. Details of the required sump size are shown in Appendix C.

4.5.2 Equivalent Capacity of Geonet Drainage Composite

The geonet drainage composite used for all side slope collection layers and the leak detection
bottom layer will have transmissivity values that are equivalent to that of a 12-inch thick sand
layer with a hydraulic conductivity of 1 x 10"2 cm/sec. As demonstrated in Appendix C the
geonet transmissivity is almost 2 orders of magnitude greater than the transmissivity of a sand
layer.

4.5.3 Grading and Drainage

The bottom lining for the leachate collection system will slope at 3 percent beneath the sand layer
toward the gravel sump and the gravel perimeter drains. The gravel drains slope at 1 percent
(minimum) to a collection sump at one comer of the cell bottom. The grading for the leak
detection system generally mirrors the collection system above. As demonstrated in Appendix C,
based on conservative assumptions of inflow rate, the amount of leachate head that will develop
in the primary collection system is considerably less than 12 inches at the farthest point from the
collection sump. This calculation demonstrates that the containment cell does not require piping
to achieve the regulatory performance standard for leachate development.

The sumps will be drained through HDPE pipes placed in each sump. The collection pipe will be
unperforated from ground surface down to the gravel collection sump and perforated within the
gravel collection sump. The piping wi l l match the side slope grade and bend to transition from
the slope to the bottom grade. End caps will be placed over the pipe ends to prevent foreign
material and gravel entry.
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The pipe perforations will be 1/4-inch diameter. The entire length of piping within the gravel
sump wil l be perforated. The 3/8-inch diameter gravel will provide adequate filter action to
prevent clogging of the pipe perforations.

The HELP model results indicate that leachate production will be minimal after the cover system
is in place. The transmissivity of the sand, gravel, and geonet layers are adequate to rapidly
transmit the leachate to the collection sump. The leachate level in each sump will be measured
by installed liquid level monitors. Any liquids found in the collection piping will be removed via
sump trucks or submersible pumps and placed in drums or tanks for disposal. Collected liquids
will be tested to identify the presence of hazardous constituents and disposed in accordance with
applicable regulations.

4.5.4 Maximum Leachate Head

The HELP model was used to predict the leachate production and head levels within the cell
during construction and after closure. The HELP analysis of the closed landfill included the
waste sediment layer in the evaluation of potential leachate generation for both the operating and
closed conditions. Initial moisture contents assumed in the analysis were default values assigned
by the program. The model results are shown in Appendix C.

The model results show that elevated leachate head may occur within the leachate collection
layer during construction. The cell will behave like an open catchment and stormwater will
collect on the waste surface. The construction model case assumed no stormwater pumping off
the waste surface after rainfall events. As required by the specifications stormwater will be
pumped off the waste surface as soon as possible to resume waste placement. The assumption of
no surface water runoff and no pumping is therefore highly conservative. The construction
model assumed that the cell was half-filled with wastes. Default values for initial soil moisture
and hydraulic conductivity were used in the analysis. The leachate collection sump will require
pump out after each rainfall event during construction. The construction model indicates the
peak leachate generation rate is about 4,000 gallons per day or 2.8 gallons per minute.

The model results show that the leachate leakage into the detection layer during construction is
about %-inch per year, which produces about 20,000 gallons of leachate in the expected 6-month
construction period or about 110 gallons per day. Therefore, the leak detection layer will require
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checking and possibly pump out every other day during the construction period. The analysis
assumed that the head in the leachate collection layer was not drawn down regularly, therefore
the leachate leakage rate is conservative.

The model results show the leachate and leak production rates fall substantially after the cover
system is installed over the cell. Leachate development and leak production are essentially zero
after the cell water balance has reached equilibrium.

Practically 100 percent of stormwater falling on the closed landfill is managed by the cover
system system via evapotranspiration. Stormwater that does infiltrate the cover system is
absorbed by either the topsoil layer or the contained sediments.

Some leachate production will continue for several months after the cell is covered due to
continued gravity drainage of the placed sediments, however this is expected to diminish with
time. Installed liquid level controls will continuously monitor the leachate and leak collection
sumps. Periodic inspections (weekly or monthly) will be conducted until the production rate has
reduced. Annual checks will be conducted thereafter.

Leachate-detection system design includes a high-level alarm set to ensure that leachate levels in
the leachate detection system are one foot or less. When high level conditions occur, a warning
light will be activated at the containment cell and an autodialer will notify the O&M contractor
of the high level condition. A vacuum truck will then be used to remove the leachate for off-site
disposal. Operational experience will be used to determine whether it is more cost effective to
use a vacuum truck or a permanent pumping system to remove the leachate. Dedicated pumps
are not considered necessary at this time because the volume of leachate that will be generated is
not known nor can it be estimated. Riser and horizontal collector pipes are sized to allow pump
installation in the future.

4.5.5 Stability of Drainage Layers

The containment cell drainage layers will support the loads in the system. The maximum vertical
stress expected for the leak detection layer is about 2,500 psf. The geonet drainage composite is
rated for vertical loadings over 20,000 psf. Therefore, the leak detection layer wil l not be
affected by the loading.
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The leachate collection system will have a maximum vertical stress of about 2,300 psf. The sand
and gravel layers can support many times that vertical stress without crushing. Therefore, the
leachate collection layer wil l not be affected by the loading.

The drainage layers on the side slopes will be geonet drainage composites. These layers will not
support significant loading by soil or equipment moving down the slope. Therefore, additional
engineering and construction measures are required to perform the cell construction and waste
placement. Reinforced ramps to carry the soil and equipment loads may be used. A geogrid
reinforcement with an underlying HDPE slip sheet will insulate the geonet and linings from
tensile downslope loads. Calculations for the reinforcement are shown in Appendix C.

The geonet drainage composite on the side slopes will be protected during waste placement by
pushing the wastes up to the slopes with a minimum separation of 2 to 4 ft between the
equipment and side slopes. The wastes will be placed sequentially from the cell bottom to the
top and little movement of the wastes on the side slopes is anticipated. Geotextiles used on the
drainage composite can commonly reach 50 percent strain before failure and the geonet strain
capacity is larger yet. The movement of the wastes due to settlement is not likely to exceed
several percent. Therefore, the geonet drainage composite will perform adequately on the side
slopes.

4.5.6 Strength of Piping

Piping in the containment cell is limited to the sump drains in the leachate collection, leak
detection, and capillary break layers. In all three installations, 6-inch diameter HDPE piping with
a SDR of 11 will be used. The worst case loading condition is anticipated to be a wheel loading
from a construction vehicle. The tire pressure and width were assumed as 50 psi and 12 inches,
respectively. The depth of soil cover was 1-ft. A 1,000 psi soil modulus is representative of a
soft clay material. The proposed piping provides factors of safety greater than 7 for the loading
condition. The proposed piping will provide acceptable service in the containment cell. The pipe
strength calculations are provided in Appendix C.
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4.5.7 Prevention of Clogging

Clogging in the leachate collection and leak detection systems is unlikely to affect the
performance of the systems. The systems will receive their highest loads during the waste
placement with the loading expected to fall to near zero after the cover placement as reported in
the Maximum Leachate Head section. The relatively short performance period for the system
reduces the effect of clogging on the long-term performance of the cell.

A geotextile and 6-inch sand layer protect the underlying sand and gravel drainage layers in the
leachate collection system from clogging due to the waste materials. A geotextile over the
geonet drainage composite on the side slopes protects geonet from clogging with the waste
materials. Clogging the geotextile on the side slope should not be a concern since the leachate
will continue to flow down slope to the bottom collection layer without applying head to the
lining system. Calculations indicate that the average opening size for the geotextile selected to
separate the contained sediments and soils from the leachate collection system is appropriate for
the expected grain size of the Dead Creek sediments.

The hydraulic capacity of the leachate collection and leak detection systems is many times
greater than the highest demand placed on the layers. Minor clogging is not expected, but the
capacity of the systems should provide adequate liquid drainage. After the cell is covered, the
flows are nearly zero and clogging wil l not significantly limit the systems' performance. An
analysis of geotextile clogging is presented in Appendix C."

In our opinion, the use of pipes as the primary leachate collection system will not improve the
efficiency of the leachate collection and removal. Based on our experience we do not believe
that installation of a piping system for leachate collection is appropriate for the following
reasons:

• Potential clogging of pipe perforations.
• Carrying capacity of the pipes is much less that the drain system currently designed for

the landfill.
• If a section of the pipe does become clogged, that portion of the collection system is

rendered useless until detected and cleaned.
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The sand and gravel layer proposed for the Primary LCRS (in addition to the geonet layer
proposed for this system) is designed with a high degree of tolerance for clogging. If an area of
the primary system was to experience some encrustation or localized clogging, leachate will not
be prevented from entering the LCRS geonet layer or the gravel sump for removal from the
system. Leachate will not accumulate over the system, the liquid will continue to seek the lowest
possible level by flowing around the zone of reduced permeability.

4.6 MAINTENANCE PROCEDURES FOR LEACHATE COLLECTION &
DETECTION SYSTEMS

Leachate collection and leachate detection systems were designed to be low maintenance
systems. No maintenance is required to ensure that drainage occurs because both systems drain
by gravity to their respective collection sumps. Vacuum trucks will be used to remove
accumulated liquids from both sumps so no pump maintenance is required. Riser pipes and
perforated pipe sections in the collection sumps are large enough to allow pressure washing
should fouling occur.
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5.1 CLOSURE PLANS

The containment cell will incorporate an impermeable cover to reduce infiltration into the
completed cell. The cover will be sloped to promote stormwater run-off and will incorporate
structural features to direct and control the run-off from the elevated cover. The cover slope also
provides for potential settlement of the contained wastes. The impermeable cover will be
constructed to completely encapsulate the materials placed within the cell.

5.2 CLOSURE PERFORMANCE STANDARD

The cover system of this landfill is designed to:

• minimize the need for further maintenance, and
• control, minimize or eliminate the post closure escape of materials within the landfill

to the ground or surface water surrounding the site.

The closure plan provides an engineered cover system that controls and routes stormwater to
reduce cover erosion. The cover will incorporate an impermeable composite lining system that
will reduce the infiltration into the wastes and subsequent leachate generation. A geonet
drainage composite will intercept and route water infiltrating the cover soil layer to reduce the
head on the cover lining system. The cover soil layer will be 24 inches thick to provide adequate
rooting depth for the grassing on the cover. The grassing will reduce soil erosion.

A sand layer will be placed over the completed waste fill to provide a gas permeable zone for a
gas vent system through the cover system. Vent pipes will penetrate the cover system to provide
relief for gases generated by the wastes and to vent barometric pressure changes.

The impermeable cover composite lining system substantially reduces liquid infiltration into the
wastes and subsequent leachate generation. The cover system will be installed after all waste
materials have been interred there.
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5.3 COVER SYSTEM DESCRIPTION

The landfill cover is designed to prevent infiltration of stormwater into the waste material and
promote rapid run-off of stormwater during rainfall events. At a minimum, the cover system will
include the following from bottom to top:

• 6 inches of tracked in-place sand
• geosynthetic clay liner
• 60-mil HDPE geomembrane (textured)
• geotextile fabric
• geonet drainage layer
• geotextile fabric
• 24 inches of soil and drainage layer to support the vegetation cover

5.4 COVER DESIGN

5.4.1 General

The cover system for the proposed containment cell will be a multi-component composite lining
with gas collection and subsurface drainage layers. The proposed cover system is designed to
provide a degree of impermeability equivalent to the bottom lining system. Surface grades for
the containment cell side slopes are no steeper than 4:1 for ease of mowing and maintenance.
The central cover area will have a surface slope between 3 and 12 percent depending on the
waste volume. A raised berm around the central cover area routes stormwater to a precast
downlet drop box and outlet channel at the toe of the 4:1 side slope. The total landfill plan area
is about 5.4 acres. Figure 5-1 shows the proposed configuration of the cover system. Figure 5-2
shows a cross section of the proposed cover system. A description of the cover system
components is provided below. The components are described in a bottom to top order.

The subgrade for the cover system will be the waste materials. The waste materials will be
graded to mirror the final surface grades on the cover. Clean fill will be used if needed to
provide the grades if there is not enough waste fill to meet the required grades. A 6-inch thick
sand layer will be pushed and tracked into place over the graded subgrade to serve as the bedding

Revision 2 05/11/01
J'2. S \C10000\400O405l OOXFinal Design Report \Repon\See lion 5 doc



SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

for the linings and serve as a gas collection layer. Four gas vent structures will be distributed
around the cover to vent the sand layer to the atmosphere. The vent stack will be constructed of
6-inch diameter PVC piping capped with a hood to prevent precipitation infiltration. The portion
of the vent stack below the lining elevation is slotted to provide pneumatic connection to the
sand layer. Each vent will include a 20-ft by 20-ft geonet layer to create an enhanced collection
zone around the vent. Each vent stack excavation will be backfilled with gravel to provide a
stable foundation. Each vent pipe passes through a fabricated boot in the HDPE lining to prevent
seepage from entering the cell. Figure 5-3 presents a detail of the vent structure.

The 6-inch sand layer will be the bedding layer for the GCL materials. Bedding layer soils will

have clods no larger than two inches, will be placed and compacted to 90% Standard Proctor

Density and will have a moisture content at or near optimum. Bedding layers will be smooth

with no ruts or sharp edges before, during and after installation of the overlying geosynthetic

material. They will provide a surface capable of supporting the geosynthetics and other layers in

the liner system. Specification 02200 - Earthwork, included in Appendix E, Technical

Specifications, of the Design Report, will be used for control of placement of the geosynthetic

bedding layers in the liner system.

A GCL will be placed over the sand layer. The GCL will be rolled into place and overlapped

with adjacent panels. The GCL used in the cover will be a commercially available material

composed of two geotextile layers sandwiching bentonite clay granules. The hydraulic

conductivity of the GCL will be no greater than Ix 10"8 cm/sec. The GCL will have an internal

shear strength of 50 psf (nominal) and a tensile grab strength of at least 50 pounds. Lateral and

longitudinal seams will be completed by overlapping adjacent panels.

A 60-mil High Density Polyethylene (HDPE) lining will be placed directly over the GCL. The
GCL and HDPE composite lining system extends over the entire lined waste cell and is buried in
an anchor trench just outside the limits of the bottom lining anchor trench. The HDPE lining
panels will be heat seamed to form a continuous membrane barrier. The seaming will be either
pressure or vacuum tested to verify the integrity of the seams. Mechanical tests of the seam
integrity will be performed by removing test samples from the completed lining and destructively
testing the samples. The sample locations from the lining will be patched with an extrusion
welded HDPE patch. The primary lining in the cover system will be constructed with 60-mil
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SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

HOPE membrane. The HDPE lining will be textured and will contain ultraviolet protectants.
Although the HDPE manufacturer for this installation is currently undefined, manufacturers such
as GSE Lining Technology or Poly-Flex Inc. produce linings meeting the requirements of the
State of Illinois.

A geotextile/ geonet/ geotextile drainage composite will be placed directly on the HDPE lining to
serve as a subsurface drain. The drainage composite will extend over the entire cover area and
connect to perforated piping at the edge of the cover area. The perforated piping is connected to
gravel covered outlets at ground surface to drain the collected water. The gravel prevents access
to the drainage piping by animals.

A 24-inch earthen cover soil layer will be constructed over the geosynthetic drainage composite

layer to provide a vegetated cover. The cover soil material will be a native soil suitable for grass

growth and with a maximum particle size of '/rinch. The cover soil layer will be compacted to at

least 90 percent of the fill's maximum dry density as determined by ASTM D-698 to provide

stability to the cover soil for mowing and maintenance. The grassing will be with grass seed

mixes appropriate for Illinois, specifically IDOT Section 250 Seed Mixture Class 1.

HDPE membrane will be manufactured by GSE, Serrott or equivalent. Geotextile will be
manufactured by Mirafi or equivalent. Geonet and geonet will be manufactured by Tenax or
equivalent. GCL will be manufactured by CETCO, GSE, Serrot or equivalent. Manufacturers
technical data sheets for these geosynthetics are included in Appendix H. Manufacturers
technical data sheets for all geosynthetic components including Geomembrane, GCL, geotextile,
geonet and geogrid are included as Appendix H of the Design Report.

5.4.2 Minimization of Liquid Migration

The proposed cover design provides a substantial long-term minimization of liquid migration
through the cover system. Modeling of the cover system was performed using HELP. The model
results indicate that the infiltration through the cover system is less than 1/1000 of 1 percent of
the total precipitation falling on the cover system. The HELP results are provided in Appendix
C.

Revision 2 05/11/01
SAC100«MO«M0510Wiii«l Design Rejnn\Re|>on\Secikxi 5doc



SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

5.4.3 Maintenance Needs

The proposed cover system was designed to minimize the amount of maintenance and to allow
easy maintenance. The cover system incorporates relatively gentle slopes for ease of mowing.
The lower portions of the side slopes include rip rap armoring to reduce erosion of the side
slopes during flooding events in Dead Creek. The berm around the central cover area reduces the
amount of stormwater flowing down the side slopes, reducing the erosion potential. The central
cover area slopes are mild to reduce stormwater run-off velocity and erosion. The gravel covered
subsurface drains on the cover help keep animals out of the drainage collection system to avoid
gnawing injury to the system.

5.4.4 Drainage and Erosion

The cover system design incorporates a berm around the central cover area to route stormwater
off the cover through an armored downchute. The velocity of sheet flow run-off on the cover
varies between 0.25 and 0.44 ft per second for slopes between 3 and 12 percent, respectively.
Grassed surfaces are appropriate for these flow velocities. Calculations for the sheet flow
velocities are provided in Appendix D.

The geosynthetic drainage composite used as the subgrade drain has a transmissivity of 9 x 10"'
cm2/sec. The geonet will be a 3-dimensional HDPE net between two layers of non-woven
geotextile fabric. The drainage composite will directly contact the underlying HDPE lining.
Calculations in Appendix C show that the geotextile will resist clogging by the native sandy silt
soils expected for use as the cover soil layer.

Free drainage of the subgrade drain is confirmed in the HELP model calculations. The liquid
head in the subgrade drain does not exceed 4.2 inches under peak daily conditions. The average
annual head in the subgrade drain is 0.007 inches. The HELP model results are provided in
Appendix C.

Free drainage of the cover surface is maintained by adequate drainage course slopes. The central
cover area will have a minimum slope of 3 percent. A raised earthen berm around the entire
central cover area will form a 1-ft deep swale to route the stormwater flow to the single
stormwater drop structure. The swale slope will be 1 percent. A combination of precast concrete
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SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

drop boxes and HDPE piping will carry the stormwater down the exterior slope of the cell. A
grassed lined outlet channel will be constructed at the foot of the 4:1 (H:V) slope to dissipate the
hydraulic energy and route the stormwater to Dead Creek. These appurtenant structures are
designed to handle a 32 cfs peak flow. The stormwater calculations for the cover system are
provided in Appendix D.

5.4.5 Settlement and Subsidence

The foundation soils beneath the proposed containment cell are primarily sandy soils with little
potential for consolidation or creep settlement. Most settlement will be immediate. The
settlement potential for the cell is described in a previous paragraph. Settlement potential for the
soil lining is minimal due to the components receiving moderate compactive effort and the total
overburden weight being minor.

The wastes placed in the cell are largely inorganic soils with limited digestible material. The
wastes will be dried prior to placement in the cell and they will be compacted during placement.
The degree of compaction will not be specified for waste placement. Consolidation of the waste
mass is not likely to be significant. Consolidation testing on the proposed wastes has not been
performed. Correlations for consolidation potential generally show that settlement potential
decreases as the material's liquid limit and moisture content decrease, hi addition, the
mechanically compacted soil should behave as an over-consolidated soil that has significantly
less settlement potential than a normally-consolidated soil. The 16-ft maximum waste thickness
makes it unlikely that the overburden stress will approach the normally-consolidated range for
the wastes, therefore the over-consolidated settlement behavior should be valid for this analysis.
The duration of waste placement will allow some of the potential settlement to occur prior to
cover placement, further limiting the cover settlement. The cover system settlement is estimated
as about 1-inch at the center of the cover. That deflection produces no measurable reduction in
the cover grade. The waste consolidation calculations are provided in Appendix D.

The potential settlement for the foundation and wastes will not measurably alter the surface
grades of the cover system. The precipitation runoff should not be affected by any cover
settlement and the infiltration predicted by the HELP modeling should be valid for the life of the
cell.
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SECTION HUE___________COVER SYSTEM DESIGN AND OPERATION

5.4.6 Freeze/Thaw Effects

The frost penetration depth in this region is about 3 ft. The GCL in the cover system will be 2 ft
below ground surface. The cover system GCL will be subject to freeze/thaw action.

Freeze/Thaw action can reduce the effectiveness of impermeable soil barriers. This cover system
will use a GCL as the impermeable soil barrier. Testing performed by GeoServices Inc. for James
Clem Corporation in 1988, showed that the GCL becomes about one-half order of magnitude
more permeable when subjected to freeze/thaw cycling. The permeability of the GCL used in the
HELP modeling does include this reduction for the freeze/thaw effects. The infiltration rate
through the cover system should represent long-term performance.

5.4.7 Anchorage

The anchor trench around the perimeter of the landfill will be excavated and the liner segments
placed such that the field welds will run up and down the side slopes of the berms. The liner will
be placed into the anchor trench, the backfill soils will be placed and then compacted. A detail of
the anchorage for the geosynthetic liner is shown on Figures 5-4 and 5-5.

5.5 RUN-OFF CONTROL SYSTEMS

Stormwater run-off control during containment cell construction and filling will be performed as
follows.

5.5.1 Design and Performance

During construction, storm water in the cell will be pumped from the cell and discharged to Dead
Creek. During sediment transfer, storm water in the cell will be treated, as required, and
discharged. For most of the waste placement process, Stormwater is completely contained within
the lined cell. All Stormwater contacting the placed sediments will be handled by pumping to the
filter dam at the downstream end of Creek Segment B.

During waste placement, the waste fill will be graded to create a collection sump from which
Stormwater will be pumped. Since the waste placement period is relatively short (about 6
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SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

months), the design storm for the open cell is a 1-year, 24-hour event. The rainfall amount is
2.71 inches. The stormwater volume from that storm is about 222,000 gallons. Approximately V*
of the cell area would need to be left with a 1-ft depth to accommodate that stormwater volume.

For a 25-year, 24-hour storm, the rainfall amount is 6.02 inches. The stormwater volume from
that storm is about 495,000 gallons. Approximately % of the cell area would need to be left with
a 2-ft depth to accommodate that stormwater volume.

Figure 5-4 presents the detail for run-off control during placement within the landfill. To reduce
the stormwater volume, impermeable covers may be placed over the wastes to prevent contact
with the stormwater. Stormwater ponded on the impermeable covers will be discharged to Dead
Creek. As the waste elevation approaches the perimeter berm elevations, impermeable covers
will be required over the wastes to limit stormwater contact.

Once the cover is installed, sedimentation will be controlled using best management practices.
After vegetation is established there is no need to control runoff from the cell. Storm water
runoff will be routed to a grassed lined outlet channel north of the cell that discharges to Dead
Creek. Drawings for this swale, which is designed to handle a 25 year, 24 hour storm, are
included as Figures 5-1 and 5-6 in the Design Report.

Perimeter ditching and a controlled downlet structure for stormwater falling on the landfill are
incorporated into the design. At the confluence of the two swales located at the northwest corner
of the landfill (at the top of the berm) stormwater will flow into two interconnected drop inlets
placed at different elevations. The first pre-cast inlet will be placed at the confluence of the two
swales and the second inlet will be placed immediately to the north and set at a lower elevation.
The stormwater will then flow out of the lower inlet into the grassed lined channel with an
ultimate outfall to Dead Creek, located east of the landfill. In addition, rip-rap will be added to
the grassed lined channel, as appropriate, to provide further erosion protection.

5.5.1.1 Calculation of Peak Flow

Two methods were used to estimate the peak flow from the cover system; the Rational Method
and TR-55. The calculations and the design of the inlet drainage structures are based on a 25-
year, 24-hour storm event. Rainfall frequency distributions were taken from Frequency
Distributions and Hydroclimatic Characteristics of Heavy Rainstorms in Illinois, by Huff and
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SECTION FIVE___________COVER SYSTEM DESIGN AND OPERATION

Angel. The original calculations for the stormwater system were performed using the TR-55
model. To estimate the time of concentration for sheet flow using TR-55, the model uses the
following Manning's kinematic equation to compute Tc,

Tc = 0.007 (nU°8

(P2)°5 S04

Where:

Tc = Travel time (hr)
n = Manning's roughness coefficient
L = Flow length (ft)
P2 = 2-year, 24-hour rainfall (in),
S = Slope of hydraulic gradient line (land slope, ft/ft)

The 2-year, 24 hour storm event is recommended for sheet flow distances that are less than 300
feet by TR-55. The peak flow for the 25-year, 24-hour storm is 27 cfs. The rational method was
also used to determine the total runoff from the cover system and to size the inlet system. Based
on the Rational method, a peak flow from the cover system is calculated to be 32 cfs. The cover
system appurtenant structures were designed to handle the 32 cfs peak flow. These calculations
are included in Appendix D.

At the confluence of the two swales located at the northwest corner of the landfill (at the top of
the berm) stormwater will flow into two interconnected drop inlets placed at different elevations.
The first pre-cast inlet will be placed at the confluence of the two swales and the second inlet will
be placed immediately to the north and set at a lower elevation. Collected stormwater will flow
out of the lower inlet into the grassed lined drainage ditch with an ultimate outfall to Dead Creek,
located east of the landfill. In addition, rip-rap will be added to the grassed lined channel, as
appropriate, to provide further erosion protection.

5.5.1.2 Management of Collection and Holding Units

The waste cell will be actively managed by the construction contractor to minimize delays to the
work progress. The cell will be pumped out as soon as possible to resume the waste placement.
Tank trucks, mobile tanks, or lined pools may be used to store stormwater and leachate that has
contacted the wastes. The liquids will be treated onsite and discharged or will be transported to a
POTW for treatment and disposal.

Revision 2 05/11/01
5~y S \CIOOXMOOCMOSI 00\final Dtsign ReponMfcport'Seeucm 5 boc



SECTION FIVE COVER SYSTEM DESIGN AND OPERATION

5.5.1.3 Construction

The stormwater run-off control system will be constructed primarily of waste materials and will
be contained within the lined containment cell. The run-off control system will incorporate
requirements to maintain storage capacity in a portion of the waste fill area or provide
impervious barriers to avoid waste contact. The requirements for run-off control are contained in
Appendix D. A construction quality control program will only assure the retention volume is
met since the configuration changes daily and the cell is lined. When impervious linings are
used, the retention volume may be reduced in proportion to the area covered.

5.5.1.4 Maintenance

The run-off control system will require daily maintenance to accommodate the daily filling
progress. Maintenance activities will be limited to providing the required retention volume
within the waste area.

5.6 CONTROL OF WIND DISPERSAL

The waste materials will consist primarily of soil and organic materials. The materials may
produce dust if allowed to become too dry. Dust will not be allowed from the operations and the
waste fill will be sprinkled with water to reduce any dust generation.

5.7 POST-CLOSURE RUN-OFF

Surface water run-off will be controlled by landscaping and diversion structures to promote run
off away from the landfill. Erosion control will be maintained by appropriate landfill contouring
and establishment of grass vegetation to stabilize the soil cover.

Surface run-off occurring after closure will not contact the waste material and therefore will be
considered non-contaminated. Following closure of the landfill, stormwater will be discharged
directly off-site to Dead Creek.
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SECTION FIUE___________COVER SYSTEM DESIGN AND OPERATION

5.8 DRAINAGE STRUCTURES

Drainage structures used in the engineering design for stormwater management may include half-
round corrugated metal pipe (CMP) channels, earth berms and channels, and rip rap channels.
Drainage structures will be specified that adequately manage the volume of stormwater. Figure
5-1 presents a plan view of the final cover and stormwater management system for the cell.
Earth berms and channels may be used to control on-site surface waters. Figure 5-5 presents the
final cover system runoff control berm and swale. A cross section of the grassed lined
stormwater channel located north of the landfill is shown in Figure 5-6. Figure 5-8 presents a
profile of the landfill drop structure which routes collected stormwater to the grassed lined
channel. Figure 5-9 presents the outlet detail for the drop structure to the grassed lined channel
(Figure 5-6). Figure 5-10 presents the profile of the outlet channel at Dead Creek.
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SECTION SIX__________LINER AND COVER SYSTEM CONSTRUCTION

6.1 SPECIFICATIONS

6.1.1 Material Specifications

Specifications for the materials proposed for the liner and cover systems are included as
Appendix E. Details of material thicknesses, strength and physical properties are presented for:

• geomembrane liners and covers
• geosynthetic clay liners
• geotextiles, geonets and geogrids
• pipes and other appurtenances

In addition, material requirement for compacted fill, drainage media, tracked in-place clay and
vegetated cover soil are also included.

6.1.2 Construction Specifications

Requirements for the installation or construction of each element of the landfill liner and cover
system are included in the specifications in Appendix E. The specifications include construction
requirements for:

• inspection prior to deployment or installation of geosynthetic materials
• placement/deployment procedures
• bonding and material interface/overlap requirements and
• procedures for protection before, during and after placement.

6.2 CONSTRUCTION QUALITY CONTROL/QUALITY ASSURANCE

As required by the specifications for the construction of this Landfill, a two step process will be
used to document that the finished product was constructed in accordance with the Plans and
Specifications. Construction quality control will be performed by the Contractor to verify the
work. Construction quality assurance will be the responsibility of the Owner. An independent
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SECTION SIX__________LINER AND COVER SYSTEM CONSTRUCTION

registered professional engineer wi l l monitor the placement, construction or installation of the
liner and cover systems. Requirements for construction quality control are included in the
Specifications for each component of the landfill in Appendix E. Solutia's Quality Assurance
Manual for the Installation of Geosynthetic Lining Systems is presented in Appendix F.
Solutia's Quality Assurance Manual for the Installation of the Soil Components of the Lining and
Final Cover Systems is included as Appendix G.

6.3 REPAIRS DURING CONSTRUCTION

During placement of the sediments and soils into the containment cell observations will be
performed to ensure no damage occurs to the geosynthetic materials. If one of the synthetic
materials is damaged the contractor will be required by the Construction Manager and CQA
Inspector to immediately repair the damage. The means and methods for effecting these repairs
will be the same as the methods used for construction. This requirement will include
implementing the CQC requirements of the Specification and the CQA plan.

6.4 OPERATION AND MAINTENANCE REQUIREMENTS

Post closure requirements for the landfill will be identified in the operation and Maintenance
Plan to be submitted by Solutia within 60 days of the start of construction.

Access roads are provided to facilitate placement of sediments within the containment cell.
Figure 6-1 presents the location of the ramps. Geogrids and HDPE subsheets will be used to
prevent damage to the liner system. Figure 6-2 presents the section detail of these ramps.

Revision 1 04/02/01
YTDC (• ~>
*"»•* O-_ S nOOMIJOOOUOM 00'>m,il L»tMi:r] Rq*«t\HiTi.»i. 1v



SECTION SEVEN____________MATERIAL COMPATIBILITY STUDIES

EPA and Illinois regulations require that a landfill's liner and leachate collection system be
constructed of materials that are chemically resistant to the wastes managed in the landfill and
the leachate expected to be generated. Solutia has selected HDPE based on the results of
chemical compatibility testing performed by the manufacturer. Solutia has selected Geosyntec to
perform a site-specific compatibility evaluation of the materials proposed for this disposal unit.
Geosvnthetic materials (geomembrane and geotextiles) will be tested in accordance with EPA's
proposed 120-day accelerated-life Test Method 9090 "Compatibility Test for Waste and
Membrane Liners." A copy of that report is included as Appendix J.

Compatibility of soil components proposed for the disposal cell is also under evaluation.
Compacted clay and geosynthetic clay liner materials will be evaluated using the EPA 9100 test
procedure to identify changes in material properties after exposure to the leachate. The results of
this evaluation are also included in Appendix J.
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SECTION EIGHT________ENGINEERING ANALYSES AND CALCULATIONS

The engineering analyses and calculations used in the design of the landfill are presented in the
following appendices:

• APPENDIX B- FOUNDATION EVALUATION
Containment Cell Capacity
Bearing Capacity
Settlement Potential

- Slope Stability

• APPENDIX C- LINER SYSTEM COMPONENT DESIGN
- Gravel Drain Sizing

Pipe Loading
Geotextile Clogging Potential
GCL Loading Calculations
Lining Tensile Stress
Sump Sizing
Access Ramp Stability
HELP Evaluation
Geonet Equivalent Performance
HDPE Elongation Calculations

- Liner System Stability Analysis
Anchor System Design
Geotextile Separation Fabric Design

• APPENDIX D- COVER SYSTEM COMPONENT DESIGN
Cover System Stormwater Control
Run-off Velocity/Sheet Flow
Waste Consolidation
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ENQINEERINQ CLASSIFICATION

1_ CQHESIONLE5S SOILS

DFSCRlPTlON BLOW COUNT "N" *

VERY LOOSE: o TO 4
410

405

400

39.

390

385

JHO

575

370

365

360

355

3SO

345

340

335

330

r APPROXIMATE LIMITS FOR BASE _.
1 OF CAPILLARY BREAK LAYER

~ /-?-

8

4

4 -

!
\7- \

~
26 ;

1
1

1

1 7

1
22 i

i
23 • '

24 '

-
'

- ;
25 ~

7 Medium stiff, dork brown, mo-st. / p
/ low plosticity silty COY (CL) / r'

sand and trace of cay (Ml.) r-y- /

/ 1
Loose, ton, dry fine SANO wilh 9 // /
some sill (SM) /, _/— H

_ _ /j Soft.-fnSist. b.own. low .
Loose, bruwn, mo.st. fine h _ — — /. p|a5tlcity Silty CLAY (CL) „
Sondy SILT (ML) 6 • JX -V

l.oose. gmy, wet StLI wi th /

| with medium to f.rte sand (Ml)

louse, buiwri, ton, wet Sondy / i '
SLI (ML) •;;': ;.

4 1 '

' ! 'i i *
j|' Loose, wet. gray, medium to 71 '•
]f fine SANO with some silt (SM) \

i ' ;
-N h
11- 1 4 - ( l1 1 .

TD = 2050
.

25- .

;'
40- -

• Medium dense, tan. gray, fine '.
Silty SANO (SM) '•

K

20-".

<-

9 I

29 ^

7]

plosticily S,|t/ CLAY (CL)

-

Loose tun dry fine Sondy SILT
(ML)

Very luo^e. mci, «el, SILT nilh
t fnre of i [tjy ond some tine
sand (ML)

• Loose, wet, ion, fine Silty SAND -
(SM)

1

-

Medium dense, tan, wet fine
Sandy SILT, to Silty SANO

_[ (SP-SM)

1 :
_?.'

:•
-

t

i
i

~
. Medium dense, ton, wet,
1 medium to fine Silty SAND
' (SM)

..

i

;

i
TO - 48.50

J

TD - 50 50
-

~

-

-

-

-
-

"_ I

-

-

-

-
-

_

~

PROFILE B - B' J

LOOSE 5 TO 10
<l0 MCDIUM DfNSE 11 1O 30

DENSE il TO 50
VEf DFNSF OVER 50

• BLOWS PER TOOT MEASURED USING
MO POUND WEIGHT HAVINf, A TREE f A L L Of W INCHES

405
!!.CQHES!Vt 5C1LS

1JNCONI INLD COW-'^ESSVt
UtSCRLPllfiN STRLNC.IH. Qu. _TSF BLOW COUNT "ti_-

VERY SOIT <1/4 0 10 2
400 SOFT 1/4 '0 '/r 3 TO 4

MEDIUM STIFF 1/2 10 ' 5 TO fi
S1IIF 1 10 2 9 TO '5
VERV SUFr 2 10 4 16 TO 30
HARD OVER 4 OVER 10

!95

TERMS CHARACTERIZING SOIL STRUCTURE
J90

SLICKENSIDED HAVING INCLINED PLANES OF WEAKNESS THAT
ARE SLICK AND GLOSSY IN APPEARANCE.

fISSURED CONTAINING SHRINKAGE CRACKS. FREQUENTLY
FILLED WI1H FINE SAND OR SILT; USUALLY MORE

385 OR LESS VERTICAL

LAMINATED COMPOSED OF THIN LAYERS OF VARYING COLOR
AND TEXTURE.

INTERBEDDEO COMPOSED OF AL1ERNA1E LAYERS OF DIFFERENI

380 SOIL TYPES

CALCAREOUS CONTAINING APPRECIABLE QUANTITIES OF
CALCIUM CARBONATE.

WELL GRADED HAVING WIDE RANGE IN GRAIN SIZES AND
SUBSTANTIAL AMOUNTS OF ALL INTERMEDIATE

37S PARTICLE SIZES

POORLY GRADED PREDOMINANTLY OF ONE GRAIN SIZE, OR HAVING
A RANGE OF SIZES WITH SOME INTERMEDIATE
SIZE MISSING

370

SOIL CLASSFICATION LEGEND

N STANDARD PENETRATION RESISTANCE IN BLOWS PER FOOT
365

%-200 PERCEN1 PASSING NO 200 SIEVE SIZE (PERCENT FINES)

50/3" 50 BLOWS FOR 3 INCHES PENE1RATION INTO SOIL

» CROUNDWATER LEVEL MEASURED ON DATE DRILLED

360 * GROUNDWATER LEVEL MEASURED AFTER DRILLING

« IN-PLACE DRY DENSITY IN PCF

Su UNDRAINEO SHEAR STRENGTH IN KSF

355

Hill SILT p*9 SILTY-GRAVEL

f • ' : • ! SAND I : .1 GRAVELLY-SAND

350 \//\ CLAY Y/A GRAVELLY-CLAY
\ / S\ Y / A

k——j SHELL K-"-| HARD-LIMESTONE

KM GRAVEL ll 1 I WEATHERED-LIMESTONE

[.' ..| CLAYEY-SAND [' ":j SHELLY-SAND

Hill CLAYEY-SILT K//J SHELLY-CLAY

3*° ECj CLAYEY-GRAVEL P°^ SHELLY-GRAVEL

Hill SANDY-SILT KX] MUCK
IHII h<V1

\//( SANOY- CLAY |- ^| PEAT
335 [ f f\ In _ 1

BjJ*] SANDY-GRAVEL f 1 CONCRETE

V^\ SANDY- PEAT ^1 ASPHALT

330 FTTj SILTY-SAND 1 1 CAVITY

F/jJj SILTY-CLAY

<t[V DtSCSiPnON Of RCVISCN BY DATE

C WANTIAND

DR«WN srr URS Corporelon Southern
• -ESCR WHBC! 7S5° WMt Coxfwy

CHECKED gv UCK^S Campbell Cauiavwy
J- -<»*s ^BW^B^ TBfTipa, FL 33007-1462

PDOJCCT IUNACCR NO. 00000002
G MANTLANO

DATE:

SOTIITIA INC PP^ECT NUMBER

c.^TAoirA/ BORING PROFILE c°0004050°
CAH010A, ILLINOIS B - B' "GURE

O'O
APHII. 2. !OOI



ILLINOIS STATE GEOLOGICAL SURVEY

SITE

f£

/"Nry- ' r i \ ve*•""a IK \ I , , \. .o 1

Fig. 2.—Bedrock surface map of the East St. Louis area, Illinois

REFERENCE: Map taken from Groundwater Geology of the
East St. Louis Area, Illinois, R. Berqstrom
and T Walker, 1956.

PREPARED FOR: SOLUT1A
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drown: W. WEBER

Dealgn: GARY WANTUAND

Ctwdwd: GARY WANTLANO

Dote: APRIL 2, 2001

PROJECT NAME SOLUTIA INC.

SAUGET AREA 1
DRAWNC TITLE

BEDROCK ELEVATION MAP

FIGURE



o\
CM
\

O

O

q
in

I
'N
i

_>
O
L_

00
UJ
QL
Z)
O
u_

O
D_

cr

LJ
Q

O

Ld
o

oo
o

o
ooo

A1

SEA LEVEL
ELEVATION

(FT.)
5OO

450

400

350 -

SEA LEVEL
ELEVATION

(FT.)
500

- 450

400

- 350

300

-mo

SOURCE: Bergstrom, 1956

LEGEND
C L A Y

S I L T

FINE SAND

CROSS SECTION

LOCATION

MEDIUM SAND

>•>'•. '. G R A V E L
JO 1SMILE

BEDROCK SURFACE

A./JL DCP
AREA.-'

PROJECT NAME

Mjownon OF

PREPARED FOR: SOIUTIA,
URS JOB NUMBER: C 100004051.00

URS Corporation Southern
7650 West Courtnay
Campbell Causeway
Tampa, FL 33607-1462
No.00000002

Drawn: W. WEBER

Doign: GARf KANTLANO

Clwck** CART «MNTIAND

Dot*: APRL 2. 2001

SOLUTIA INC.
SAUGETAREA1

CAHOKIA, ILLINOIS

DRAWING TtTLE

GEOLOGIC
CROSS SECTION

FIGURE

3-5



PROTECTIVE
COVER SOILS

PRIMARY
COLLECTION
SYSTEM

PRIMARY
LINER SYSTEM

SECONDARY
COLLECTION
SYSTEM

SECONDARY
LINER SYSTEM

CAPILLARY
BREAK LAYER

ELEV. VARIES

SUBGRADE

PLACED, DRIED SEDIMENTS

SAND LAYER

NONWOVEN GEOTEXTILE
GEONET

PRIMARY HOPE
GEOMEMBRANE
(60 MIL)
(BOTH SIDES SMOOTH)

TRACKED IN PLACE SOIL

NONWOVEN GEOTEXTILE

GEONET

SECONDARY HOPE
GEOMEMBRANE
(60 MIL)
(TEXTURED SIDE FACING GCL)

GEOSYNTHETIC CLAY LINING
TRACKED IN PLACE SOIL

NONWOVEN GEOTEXTILE

GRAVEL

COMPACTED FILL
OR SUBGRADE

NOTES:
1. NOT FOR CONSTRUCTION.
2. L7VYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drown; w. WEBER

Dnign: GARY WANTLAND

: CARY WANTLAND

Dolt: APRIL 2. 2001

PROJECT NAME SOLUTIA INC.
SAUGET AREA 1

DRAWING TTTU BOTTOM LINER
SYSTEM DETAIL

FIGURE

4-1



PRIMARY LEACHATE
COLLECTION LAYER

SECONDARY LEACHATE
COLLECTION LAYER

-PLACED AND COMPACTED
DRIED SEDIMENTS

COMPACTED i
i' i FILL i! i ! i

GEOSYNTHETIC CLAY
LINING ————————

NONWOVEN
GEOTEXTILE

GEONET
PRIMARY HOPE
GEOMEMBRANE
(60MIL)
(BOTH SIDES SMOOTH)

GEONET

SECONDARY HOPE
GEOMEMBRANE
(60MIL)
(TEXTURED SIDE FACING GCL)

NOTES:
1. NOT FOR CONSTRUCTION.
2. L7\YER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Dro.n: W. WEBER

Dnign: GARY WANTLAND

ChKkad: GARY WANTLAND

Dot.: APRIL 2. 2001

PROJECT NAME SOLUTIA INC.
SAUGET AREA 1

DRAWING TTTLE SIDE SLOPE LINER
SYSTEM DETAIL

FIGURE

4-2



0 50
2

SCALE: r=100'

NOTE:
1. NOT FOR CONSTRUCTION

PROJECT NAME Cifiw w TT¥ A IXT/-ISOLUTIA INC.
SAUGET AREA 1

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

DRAWING TITLE

SITE PREPARATION PLANOat*: APRIL 2, 2001



LUK OCroOt /
UWER OUTIET /

EL «1M' /
«' WE PIPE.

SW/11

50 0 50
— ~"
SCALE: 1'=100'

NOTE:
1. NOT FOR CONSTRUCTION.

PREPARED FOR: SOLUTIA SOLUTIA INC.
SAUGET AREA 1URS JOB NUMBER: C100004051.00

D»gn: GARY WANTLANOURS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

SECONDARY
GEOMEMBRANE LAYOUT



1. NOT FOR CONSTRUCTION

SOLUTIA INC.
SAUGET AREA 1URS Corporation Southern

7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

PRIMARY
GEOMEMBRANE LAYOUT



0 50tssm^
SCALE: T=100'

NOT FOR CONSTRUCTION

SOLUTIA INC.
SAUGET AREA 1URS Corporation Southern

7650 West Courtney
Campbell Causeway
Tampa. FL 33607-1462
No. 00000002

TOP OF PRIMARY
COLLECTION SYSTEM PLAN



S:\C10000\~ J\4051.00\FINAL DCSIGN RCPORF\F IGURES\FIGURE 4-7.DWG OJ/29/b—"' 09:32

ELEV. VARIES

ROUND CORNERS
AS NECESSARY

ELEV. VARIES (SEE PLAN SHEETS)

-, ^- PLACED AND
, COMPACTED DRIED
1 SEDIMENTS

GEOSYNTHETIC CLAY
LINING

COMPACTED FILL-
IN ANCHOR TRENCH

PRIMARY LINER SYSTEM
ANCHOR DETAIL

C1.4 C1.6
NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS.

APPROX. SCALE: 1" = 5'

NONWOVEN
GEOTEXTILE

GEONET

PRIMARY 60MIL HOPE
GEOMEMBRANE (BOTH
SIDES SMOOTH)

GEONET

SECONDARY 60MIL HOPE
GEOMEMBRANE (TEXTURED
SIDE FACING GCL)

SCALE = N.T.S.

PREPARED FOR: SOLUTIA

URS JOB NUMBER: C100004051.00
URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Dm.n DRH

Oaign: GARY WANTLAND

Ch*ck*d: GARY WANTLAND

Dott: APRIL 2. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

PRIMARY LINER SYSTEM
ANCHOR DETAIL

FIGURE
4-7



- LEACHATE COLLECTION
LAYER OUTLET PIPE

NONWOVEN GEOTEXTILE
GEONET — -——

PRIMARY 60MIL HOPE
GEOMEMBRANE (BOTH
SIDES SMOOTH)

GEONET-

SECONDARY 60MIL HOPE
CEOMEMBRANE (TEXTURED
SIDE FACING GCL)

GEOSYNTHETIC CLAY
LINING

18' SAND LAYERPLACED AND COMPACTED
DRIED SEDIMENTS

LEACHATE COLLECTION
LAYER HIGH LEVEL
ALARM ELEV. +403.0'

NONWOVEN GEOTEX1ILE

GEONET
LEACHATE DETECTION
LAYER HIGH LEVEL
ALARM ELEV. +4000'

NONWOVEN GEOTEXTILE OVER
DETECTION LAYER GRAVEL

NONWOVEN
GEOTEXTILE

PRIMARY 60MIL HOPE GEOMEMBRANE

' ' ''V i lir)*r'7yTCOMPACTED FILL-OS1'1
• ' 1 1 ' ' V i SUBGRADE

NONWOVEN GEOTEXTILE , ' , ' , • . • . •
GEONET

SECONDARY 60MIL HOPE GEOMEM3RANE

EXISTING GRADE
(ELEV. VARIES)

GRAVEL CAPILLARY
OUTLET PIPE

LEACHATE DETECTION
LAYER OUTLET PIPE GEOSYNTHETIC CLAY LINING

NONWOVEN GEOTEXTILE

GRAVEL CAPILLARY -
LAYER HIGH LEVEL
ALARM ELEV. +396.5'

NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.

OOCNPTON Or

DAMN IT:
0.

mucn
C. WNTUWO

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa. FL 33607-1462
No. 00000002

SOLUTIA INC.
SAUGET AREA 1

CAHOKIA, ILLINOIS
COLLECTION SUMP SECTION

PROJECT NUMBER

C100004051.00

HOME

4-8



S:\C10000' — \4051.00\FINAL DESIGN REPORT\riGURFS\FlGURE 4-9. DWG J9:J9

NONWOVEN-
GEOTEXTILE

GEONET ———————
PRIMARY 60MIL HOPE
GEOMEMBRANE (BOTH
SIDES SMOOTH) —
GEONET——————

SECONDARY 60MIL HOPE
GEOMEMBRANE (TEXTURED
SIDE FACING GCL) ——

GEOSYNTHETIC CLAY
LINING ————————

EXISTING GRADE
(ELEV. VARIES)-

PLACED AND COMPACTED
DRIED SEDIMENTS

SAND PROTECTION LAYER

NONWOVEN GEOTEXTILE

NONWOVEN GEOTEXTILE

NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C10.000*051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa. FL 33607-1462
No. 00000002

Oro.n: DRH

Daign: GARY WANTLAND

Checked: GARY WANTLAND

Dot.: APRIL 2. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

QRAVEL DRAIN
DETAIL

FIGURE

4-9



S:\C10000 j\4051.00\FINAL DESIGN RF.PORT\FIGURF.S\FIGURE 4-10.DWG 03/29 1 1:46

LEACHATE COLLECTION
LAYER OUTLET
EL 416.5'BERM

ELEV 415.5'

8 HOPE PIPE
SDR 11

^-LINING : .
400.7

. •, GRAVEL'S

SCALE = N.T.S.

1/4"0 PIPE PEREORATIONS

NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS.

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drain: OflH

Dnign: GARY WANTLANO

: GARY WANTLANO

Dtrt«: APRIL 2, 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

LEACHATE
COLLECTION LAYER
OUTLET PIPE PLAN

FIGURE

4-10



S:\C10000 ,\4051 00\riNAL DESIGN REPORT\riGURES\FIGURt 4 - 1 1 . DWG 11:47

-SUP-ON PIPE CAP LEACHATE COLUICnON
LAYER OUTLET PIPE
8" HOPE PIPE SOB 11

WRAP NONWOVEN
OEOTEXTILE AROUND PIPE
TO SEAL GRAVEL LATER

-1/4' DIA. PIPE
PERFORATIONS

NONWOVEN CEOTEXT1LE
WELDED PIPE CAP
NONWOVEN CEOTEXTILE

CEONET
PRIMARY 60UL HOPE
GEOUEUBRANE (BOTH SIDES SMOOTH)
NONWOVEN GEOTEXTILE
GtONET
SECONDARY 60 MIL HOPE
GEOMEMBRANE (TEXTUREO SIDE
FACING CELL)

CECSYNTHETIC CLAY LINING

TRACKED M PACE SOIL

NOTES:
1. NOT FOR CONSTRUCTION.
2. L7\YER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.

PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No.00000002

Drawn: ORH

DMign: GARY WANTLAND

Ch*ek*d: GARY WANTLAND

Dot.: APRIL 1. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

PRIMARY LEACHATE
COLLECTION LAYER

OUTLET PIPE SECTION

FIGURE
4-11



S:\C10000' -- \4051.00\FINAL DESIGN REPORT\FIGURES\EIGURE 4-12.DWG 0.3/29/x_x 09:56

SCALE = N.T.S.

LEAK DETECTION
U\YER OUTLET
PIPE EL. 416.0'
8" HOPE PIPE,
SDR 11

BERM
ELEV 415.5'

LINING
ELEV 398.8'

GRAVEL

1/40 PIPE
PERFORATIONS

NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS.
PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa. FL 33607-1462
No. 00000002

Drown: ORH

Dtmign: GARY WANTLAND

Chwkxl: GARY WANTLANO

Dote APRH. 2, 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

LEACHATE
DETECTION LAYER
OUTLET PIPE PLAN

FIGURE
4-12



S:\C10000V~ J\4051.0D\FINAL DESIGN REPORI\FIGURES\FIGURt: 4-1J.DWG 0,3/29/x—/ 09:5B

-SUP-ON PIPE CAP PROPOSED DOVER

LEACMATE DETECTION
LAYER OUTLET PPE
I* HOPE PIPE SOB 11
WRAP NONWOVEN
BEOTEXTILE ABOUND PIPE
TO SEAL ORAVEL LAYER

NONWOVEN GEOTEXTILE

60 ML HOPE RUB SHEET
AND NONWOVEN GEOTEXTILE
OVER GRAVEL LATER

NONWOVEN CEOTEXTILE

CEONET
SCCONOARY 10 ML HOPE
CCOM3MRANE (TEXIUREO 90E
FACINO CELL)
OEOSTNTHCnc CUT UMNC
TRACKED M PLACE SOIL
NONWOVEN CE01EXTKE

NOTES:
1. NOT FOR CONSTRUCTION.
2. U\YER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.
PREPARED FOR: SOLUTIA

URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drown: DRH

Daign: GARY WANTLANO

Chwckw): GARY WANTLANO

Dot.: APRIL 2. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

SECONDARY LEACHATE
DETECTION LAYER

OUTLET PIPE SECTION

FIGURE
4-13



S:\C10000' ' j\4051.00\FINAl DESIGN REPOR'r\FlGURES\riGURE 4-14.DWG 03/29^ 1 1:47

ERM—
ELEV 415.5'

GRAVEL CAPILLARY
LAYER DRAIN OUTLET
EL 410.0L

————_

6" HOPE PIPE
SDR=11 ———

f1/4"0 PIPE
PERFORATIONS

NOTES;
7^ NOT EOR CONSmitfTION.
2. LAYER THICKNESSES SHOWN

RE_ COMPACTED /THICKNESS.

I

I
I
I

>ELEV' 395.5' :''/' !' ''• !;

'; GRAVEL '-' AV /'' -,'.;'; ';! '; ,;

' " '' ' '' ' > '

URS JOB NUMBER: C100004051.00
URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Dn»n: ORH

Daign: GARY WANTLANO

Ch«clt*d: GARY WANTUAND

Dote APRIL 2. 2001

SOLUTIA INC.
SAUGET AREA 1

GRAVEL CAPILLARY
LAYER

DRAIN OUTLET PLAN

FIGURE
4-14



S:\C10000 _ \4051.00\FINAI. DESIGN RF.nORr\riGURF_S\FIGURE 4-15.DWG 03/29 1 1:48

VAULT
SLIP-ON PIPE CAP

ELEV. +410.0'
GRAVEL CAPILLARY —
OUTLET PIPE
HOPE PIPE SOR 11

NOTES:
1. NOT FOR CONSTRUCTION.
2. U\YER THICKNESSES SHOWN

ARE COMPACTED THICKNESS.
SCALE - N.T.S.

PREPARED FOR: SOLUTIA

URS JOB NUMBER: C100004051.00
URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drown: DRH

Design: GARY VKANTLAND

Crnckad: GARY WANTLANO

Oot«: APRIL I. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

GRAVEL LAYER
CAPILLARY OUTLET

PIPE SECTION

FIGURE

4-15



S:\C10000Vt_ _, \4051.00\FINAL DESIGN RIPORT\FIGURES\FIGURE 4-16.DWG 03/28/C— 17:13

DETECTION PIPE
8 in. 9 SDR11
HOPE PIPE

NONWOVEN
GEOTEXTILE
GEONETPLACED AND COMPACTED

DRIED SEDIMENTS
COLLECTION PIPE
8 in. «> SDR11
HOPE PIPE

COMPACTED
FILL NONWOVEN

GEOTEXTILE

GEOGRID SOIL
REINFORCEMENT

PRIMARY 60MIL HOPE
GEOMEMBRANE (BOTH
SIDES SMOOTH)

GEOSYNTHETIC
CLAY LINING

SECONDARY 60MIL HOPE
—— GEOMEMBRANE (TEXTURED

SIDE FACING GCL)
GEONET

NOTES:
1. NOT FOR CONSTRUCTION.
2. LAYER THICKNESSES SHOWN

ARE COMPACTED THICKNESS. SCALE = N.T.S.
PREPARED FOR: SOLUTIA
URS JOB NUMBER: C100004051.00

URS Corporation Southern
7650 West Courtney
Campbell Causeway
Tampa, FL 33607-1462
No. 00000002

Drawn: ORH

Daign: GARY WANTLAND

CtwdMd: GARY WANUANO

Dot*: APRIL 2. 2001

PROJECT NAME

SOLUTIA INC.
SAUGET AREA 1

DRAWING TITLE

LEACHATE COLLECTION
LAYER OUTLET
PIPE SECTJON

FIGURE
4-16



48 TYPE A MANHOLE
IDOT STANDARD 602401
W/FLEXIBLE PIPE CONNECTION
BOOT FOR INLET AND OUTLET PIPES
TOP ELEV- 4.13.50
INV ELEV 409.0
PIPE INV ELEV 409.10 (SOUTH)
N 699759.03
E 2294415.47
24"-HOPE PIPE

HOPE PIPE

SEE DETAILS FIGURE 5-8 AND. FIGURE 5
GRAVEL CAPILLARY LAYER RISER

SEE DETAIL FIGURE 5-6

GRATE PRECAST
INLET FOR MEDIAN
DOT -STANDARD 542546
W/FLEXIBLE PIPE
CONNECTOIN BOOT
FOR OUTLET PIPE
GRATE ELEV 417.8
INV ELEV 411.0
N 699715.57
E 2294406.38

' ' > ' N- 699750 N 699.750
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This report presents results of the geotechnical investigation for Solutia's proposed landfill cell in
Cahokia, Illinois. It updates and supercedes a prior report of December 2, 1999, based on two
additional test borings and related laboratory tests. This work was authorized under Solutia Purchase
Order 4503140217; Change Order No. 1 dated November 14,2000.

PROJECT UNDERSTANDING
We understand that the landfill will be located on the Solutia property formerly known as the
Moto property. It is planned that the northern boundary of the cell will be adjacent to the
southern boundary of Site G (Figure 1) and the eastern boundary of the cell adjacent to the west
bank of Dead Creek. We understand the planned cell area is on the order of about 1.4 acres.
Based on drawings provided by the designer, the height of the perimeter berms will be about 16
ft above current existing grade, and the height at the center of the landfill, when capped, will be
about 19 ft above the existing grade. The exterior slopes of the containment berms will be
4H:1V and the interior slopes will be 3H:1V.

FIELD INVESTIGATION AND LABORATORY TESTING
The field investigation and laboratory testing were done in two episodes; first in 1999, then in 2000.

1999 Investigation
A total of four borings were drilled and a piezometer installed on the property between
November 8, 1999 through November 10, 1999. Two hand-augers borings were drilled on
November 15,1999. The geotechnical borings are designated GB-1 through GB-3, the
piezometer is PZ-1, and the hand-auger borings are HA-1 and HA-2. Two borings, GB-1 and
GB-3, were drilled to depths of about 50 ft and GB-2 was drilled to a depth of about 75 ft.
Boring GB-2 was drilled deeper to estimate the vertical extent of loose to medium dense
alluvium to help assess settlement and liquefaction potential of the site. The piezometer boring
was drilled to a depth of about 20 ft and a piezometer was installed to that depth.

The borings were drilled with a CME-55 truck-mounted drilling rig owned and operated by
Roberts Environmental Drilling, Inc. (REDI) of Illinois. Borings were advanced using 4-% inch
I.D. hollow-stem augers. Once the water table was encountered, typically at a depth of between
9 to 14 ft below ground surface, borings were continued using a 3-7/8 inch diameter roller bit
and a bentonite-based drilling mud.
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Soil samples were obtained from the borings using either a l-'/2 inch I.D. split-spoon sampler in
accordance with the Standard Penetration Test (SPT) Method (ASTM D-1586) or a hydraulically
pushed thin-walled sampler (ASTM D-l 587) to obtain "undisturbed" samples.

Sampling was made at 2'/2-ft vertical intervals in the upper 10 ft and at 5-ft vertical intervals
thereafter.

2000 Field Investigation
Two additional test borings, GB-4 and GB-5 were drilled on November 17, 2000 by Harriss
Drilling under technical supervision of URS. Borings were advanced with 9 inch O.D. hollow
stem augers using a CME-750 drilling rig to depths of 20 feet below grade. Continuous samples
were obtained using either a standard split-spoon sampler (ASTM D-1586) or hydraulically
pushed thin-walled tubes (ASTM - D1587). It was originally planned to use only thin-walled
tube samples, but due to the predominantly granular nature of the soil, split-spoon samples were
primarily taken.

For both episodes of drilling, the borings were tremmie grounted upon completion with a
cement-bentonite mixture. Drilling spoils and excess sample were placed in containers provided
by Solutia along with drilling fluids displaced during grouting.

Field boring logs were prepared by a URS representative based upon recovered soil samples,
cuttings, and drilling characteristics. The logs have been subsequently modified to reflect
laboratory test results. Boring locations are shown in Figure 1 and a graphic subsurface profile is
shown in Figure 2. Detailed boring logs are given in Appendix A.

LABORATORY TESTING

Laboratory tests were performed on selected samples from each episode of drilling. The types of tests
performed are given in the following table. Test results are given in Appendix A.

Summary of Laboratory Tests Performed
Test Name

Unit weight+ Water Cont.

Classification of Soil
Water Content

Liquid and Plastic Limit
Sieve +Hydrometer

Percent Fines

ASTM Designation

D2937
D2487

D2216

D4318

D422
D1140
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Summary of Laboratory Tests Performed

Consolidation
Unconfined Compression
Unconsolidated
Undrained Triaxial
Specific Gravity

D2435

D2166

D2850

D854

SUBSURFACE PROFILE
The subsurface profile consists of four primary soil strata above limestone bedrock. These strata
beginning from the ground surface and extending downward are as follows:

Summary of Key Soil Strata

Strata
Number

1
2
3
4

Depth below grade (ft)
From

0
4

20

50

To
4

20
50

100*

Description

Firm low to medium plastic CLAY
Very loose to loose SILT and Sandy SILT
Loose to medium dense Silty SAND and SAND

Dense to very dense SAND and Sitly SAND with trace
gravel.

*This stratum is assumed to extend to limestone bedrock at a depth of approximately 100 ft below the
ground surface. (Figure 3).

A summary of soil properties for these key strata used for analysis is given in Table 1.

GROUNDWATER

In the 1999 explorations, the water surface was encountered between depths below grade of 9
and 15 ft in all borings at the time of drilling on November 8, 1999. In each of the 2000 borings,
ground water was first encountered at depths of about 15 ft below grade, but rose to between 7
and 8 feet (elevation 390 to 395) shortly after drilling. Groundwater elevations in the piezometer
varied between El. 391.8 and 392.5 during November and December of 1999. A summary of
groundwater elevations from the borings and piezometer are given in Table 2. Groundwater
elevations likely fluctuate seasonally with the stage of the Mississippi River.
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ENGINEERING ANALYSES AND RECOMMENDATIONS

The landfill cell will consist of exterior compacted fill dikes and will contain a liner system, waste
material, and liner cap. Geotechnical analyses were performed to evaluate Foundation and Mass
Stability according to IEPA requirements (Title 35 of the Illinois Administrative Code, Section
811.304). Analyses included:

a Static bearing capacity,

a Static stability of exterior slopes,

a Settlement of the landfill,

a Seismic evaluation including liquefaction triggering, seismically induced settlement, seismic
bearing capacity and seismic slope stability. Results of these analyses are summarized in the
following paragraphs.

Settlement Analyses
Analyses of the landfill were performed to estimate settlement at various locations in the landfill.

Soil properties assumed for design were determined from the consolidations tests (for the upper clayey
and silty soils), and from Standard Penetration Test data for the underlying sands. For design
purposes groundwater was assumed at grade. Analysis was performed using UniSettle software.
Results are shown in Figure 5 which indicates a maximum total settlement of about 4 inches which
occurs at the center of the landfill and a minimum of about 0.4 inches near the toe of the outboard
berms. Because of the granular nature of the foundation soils, and over consolidation of the clay, we
anticipate that most settlement will occur during fill placement. Settlement is estimated to be
essentially complete within 60 days after completion of the cell.

Liquefaction induced settlement due to earthquake shaking will add to the static settlement as
discussed in subsequent sections of this report.

Slope Stability Analyses
We evaluated the stability of the out-board 4H:1V slopes of the proposed landfill. This analysis was
an undrained analysis performed using the slope-stability program Slope-W based on Spencer's
Method of Analysis. Soil properties for the various strata were determined based upon laboratory test
results, and Standard Penetration Test results. The compacted embankment properties were based
upon local experience with similar type soils. Both circular and noncircular surfaces were searched
for the minimum factor of safety. The highest proposed slope was analyzed, as it is the most critical
case. Results of the analysis are plotted in Figure 5, which indicate a static factor of safety of 2.5,
which exceeds the IEPA required value of 1.5.
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The outboard slopes were also evaluated for the seismic case as noted in subsequent sections of this
report.

Bearing Capacity
For a large flexible structure such as the proposed landfill with sloped beams at the perimeter, bearing
capacity is an unlikely mode of failure. Rather, the controlling mode of foundation failure is the
potential for slope instability of the outboard slopes. Slope stability analysis discussed above, indicates
an acceptable factor of safety.

Seismic Evaluation
East St. Louis is an area of moderate seismicity. The estimated bedrock acceleration (PGA) based on
1996 USGS1 maps is about O.lg for a 10 percent probability of exceedance in 50 years. This value is
very close to the design bedrock acceleration of 0.1 Ig required by IDOT for design of structures. The
corresponding earthquake magnitude is approximately (Ms) 6.5 based on USGS data. The soils above
rock will tend to amplify the bedrock motion resulting in a higher acceleration near the ground
surface. The surface acceleration was estimated based on NEHRP 19972 criteria, which indicate an
amplification factor of about 1.6 for this soil profile. The design ground surface design acceleration is
therefore 0.16g with a corresponding earthquake magnitude (Ms) of 6.5.

The two analyses performed included liquefaction triggering (to determine if accelerations were large
enough to cause liquefaction) and pseudo-static slope stability analysis of the outboard slopes.

Liquefaction Triggering

The liquefaction potential of the site was evaluated using the "simplified procedure" by Seed and
Idriss, (1972) as updated in NCEER, 19973. Based on this analysis, the factor of safety against
liquefaction triggering was calculated versus depth. Results are shown in Figure 6. Analysis
shows that the Factor of Safety is typically much greater than 1.0 indicating that liquefaction is
not likely to be triggered at the site. However, some settlement due to shaking is likely and
estimated to be up to about 3 inches. This would be added to the static settlement noted above.
The consequences of damage to the liner and the foundation are judged to be tolerable for this
seismically induced settlement.

1 United States Geologic Survey, National Seismic Hazard Mapping Project, 1996, URL: http://geohazards.cr.usgs.gov/eq/
2 National Earthquake Hazard Reduction Program, Federal Emergency Management Agency (FEMA 303), NEHRP
Recommended Provisions for Seismic Regulations for New Buildings and Other Structures, 1997.
3 Youd, T. Leslie and Idriss, Irzat M. (1997) "Proceeding of the NCEER Workshop on Evaluation of Liquefaction
Resistance of Soils." Technical Report NCEER-97-0022, December 31. 1088-3800
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Seismic Slope Stability
Psuedo-static slope-stability analysis was run assuming an acceleration of 0.16 g for the outboard
slopes. Results are given in Figure 7, which indicate a factor of safety of 1.5, which is in excess
of the IEPA required value of 1.3.

SUMMARY AND CONCLUSIONS
1. The site is underlain by a near-surface loose silt and firm clay layer that extends to a depth of

approximately 20 ft below grade. This stratum is underlain to bedrock by sand that is
typically medium dense near its surface and increases in density with depth, becoming dense
to very dense. Limestone bedrock is estimated to be about 100 ft below surface grade.

2. Groundwater is present about 10 ft below grade, and varies in elevation seasonally with the
stage of the Mississippi River.

3. The bedrock acceleration due to seismic shaking, based on a 500 year design period, is
estimated by USGS to be 0.1 g with a resulting ground surface acceleration of approximately
0.16 g.

4. The potential for seismically induced liquefaction is judged to be small, however some
seismically induced settlement, about 3 inches, is possible if the design ground motion
occurs.

5. Static settlement of the landfill is estimated to be a maximum of approximately 4 inches at
the center, and less than one inch near the toe of the perimeter berms. The estimated
settlement is considered tolerable for the landfill.

6. Stability of the outboard slopes, for both static and seismic conditions meets or exceeds the
IEPA requirements.

7. Due to its flexibility and shape (outboard slopes), bearing capacity failure of the landfill is
not a likely mode of failure. A more probable mode of foundation failure would be slope
stability, which has been shown to meet IEPA requirements.

8. The proposed landfill is judged to be acceptable and meet IEPA requirements for Foundation
and Mass Stability.
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LIMITATIONS
The boring logs and piezometer indicate conditions for the specific locations and dates. Non-uniform
conditions, however, can exist between borings, which if encountered may require some field
modifications to the landfill design. This contingency should be considered and a budget allowance
established.
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Table 1
Summary of Data for Key Strata

Solatia Inc. - Sauget Area 1
Cahokia, Illinois

Stratum

1

2

3

4

N (blows/ft)
Max] MinJAvg

9

10

48

79

3

0

7

37

6

5

21

58

Wn,, (%)

Max|Min|Avg

36

37

32

6

6

18

23

26

24

LL (%)
Max|Min|Avg

60

38

-

34

32

-

42

35

-

PL (%)
MaxJMinJAvg

24

25

-

14

19

-

20

22

-

Yio. (Pcf)
Max | Min | Avg

116

115

-

92

89

-

108

107

-

su (tsf)

0.44

0.25

-

-

PC (tSf)

3

3

-

-

CVO+eo)

0.08

0.10

-

-

(VO+eo)

0.009

0.012

-

-

Minus
No. 200 (%)

65-98

18-99

2-46

-

D10 (mm)

< 0.001

< 0.001 - 0.02

< 0.001 -0.1

-

K (cm/sec)

10"6 - 10 7

10^-10*

10'3-10^

-

Description of Soil Strata:

1. Firm, moist, low to medium plastic, Silty CLAY (CL)
2. Very loose to loose, dry to wet, SILT to Sandy SILT (ML) with possibly some Clay lenses
3. Loose to medium dense, wet. Silty SAND to SAND (SM.SP)
4. Dense to very dense, wet, Silty SAND to SAND (SM. SP) with a trace of gravel

N - Number of blows per inch from standard penetration test
w^ - Natural water content
LL - Liquid limit of material
PL - Plastic limit of material
glo4 • Total unit weight of material
s0 - Undrained shear strength
Pc - Preconsolidation pressure
Cc/(1+e0) - Compression raio. strain per log of stress beyond preconsolidation pressure
Cr/(1+e0) - Recompression ratio, strain per log of stress below preconsolidation pressure
No. 200 - Percentage passing the 200 sieve
D10 - Diameter at which 10% of the soil finer
K - Coefficient of permeability from consolidation test or estimate from gradation

M:10AM Solutia f immary
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Table 2
Summary of Water Level Readings

Solutia Inc. TSCA Cell
Cahokia, IL

Date

11/08/1999

11/09/1999
11/10/1999
11/15/1999
11/22/1999
12/01/1999
11/07/2000

11/07/2000

Time
(MRS)

ATD
18 hrs. after drilling

ATD
ATD

ATD
3 hrs after drilling

ATD
1 hrs after drilling

GB-I
Elev. (FT)

407
Depth
(FT.)

10

Elevation
(FT.)
397.0

GB-2
Elev. (FT)

407
Depth
(FT.)

14

Elevation
(FT.)

393.0

GB-3
Elev. (FT)

407.5
Depth
(FT.)

10.5

Elevation
(FT.)

397.0

GB-4
Elev. (FT)

402
Depth
(FT.)

15.5
7.1

Elevation
(FT.)

386.5
394.9

GB-5
Elev. (FT)

405.2
Depth
(FT.)

15
8

Elevation
(FT.)

390.2
397.2

PZ-1
Elev. (FT)

402
Depth
(FT.)
9.5
10

9.77
9.95
10.22

Elevation
(FT.)
392.5
392.0

392.2
392.1
391.8

ATD - At lime of drilling

12/18/200012,49 PM 1of Water Summary
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UJ

20 40 60 80 100 120 140 160

Horizontal Distance (ft)
200 220 240

Fill CL - Stratum 1
Soil Model. Undrained (Phi=0) Soil Model: Undrained (Phi=0)
Unit Weight: 125 Unit Weight: 108
Cohesion: 2000 Cohesion: 880
Piezometric Line #: 1 Piezometric Line #: 1

ML - Stratum 2
Soil Model: Undrained (Phi=0)
Unit Weight: 107
Cohesion: 500
Piezometric Line #: 1

SM - Stratum 3
Soil Model: Mohr-Coulomb
Unit Weight: 115
Cohesion: 0
Phi: 28
Piezometric Line #: 1

Soluba Inc. Sauget Area 1 - Cahokia, Illinois
Undrained Analysis
File Name: Sip stab - undrained.slp
Last Saved Date: 12/4/00
Last Saved Time: 12:32:30 PM
Analysis Method: Spencer
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric Lines / Ru
Tension Crack Option: (none)
Seismic Coefficient: (none)

Project No.
2399STL022.01

Solatia, Cahokia, IL.

URS CORPORATION

Static Slope Stability Analysis Results,
Outboard Slopes of TSCA Cell

FIGURE
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UJ

20 40 60 80 100 130 140 160

Horizontal Distance (ft)
180 200 220 240

Pill CL - Stratum 1
Soil Model: Undrained (Phi=0) Soil Model: Undrained (Phi-0)
Unit Weight: 125 Untt Weight: 108
Cohesion: 2000 Cohesion: 880
Piezometric Line * 1 Piezometric Line fc 1

ML - Stratum 2 SM - Stratum 3
Soil Model: Undrained (Phi=0) soil Model: Mohr-Coukxnb
Unit Weight: 107 unit Weight: 115
Cohesion: 500 Cohesion: 0:500
Piezometric Line #-. 1 Phi: 28

Piezometric Line £

Solutia Inc. Sauget Area 1 - Cahokia, Illinois
Undrained Analysis
File Name: Sip stab - undrained - seismic 0.16g.slp
Last Saved Date: 12/14/00
Last Saved Time: 7:40:58 AM
Analysis Method: Spencer
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric Lines / Ru
Tension Crack Option: (none)
Seismic Coefficient: Horizontal

Project No.
2399STL022.01

Solutia, Cahokia, IL.

URS CORPORATION

Seismic Slope Stability Analysis Results,
Outboard Slopes of TSCA Cell

FIGURE
7



Boring Logs



u
M
»—
I/I
<X
_)
Q.

I
O
M
I

UJ
u<t
u.ct
3
M

1 
M

A
T

E
R

IA
L

S 
R

O
C

K
S 

S
IL

T
S 

A
N

D
 

C
L

A
Y

S 
L

O
U

 
P

L
A

S
T

IC
 

S
IL

T
S

 
A

N
D

 
C

L
A

Y
S 

SA
N

D
 

G
R

A
V

E
L 

1

Graphic
Symbol

i

: i : :

; !

•. ^
T

- -t -

=*z• it

is

n

is
ii
!

-E-r

•
.

use

GRAVEL with little
or no fines GP or GW

Silty GRAVEL GM

Clayey GRAVEL GC

SAND with little
or no fines SP or SW

Siity SAND SM

Clayey SAND SC

Inorganic low
plastic SILT ML

Inorganic low
plastic CLAY CL

JL-, Silty CL
•• • i

'•'A
_J Sandy CL
m

tJ Gravelly CL

Organic low plastic
SILT or CLAY OL

Inorganic high
plastic SILT MH

Inorganic high
plastic CLAY CH

Organic high plastic
SILT or CLAY OH

Peat and other
highly organic soils PT

LIMESTONE

SHALE

SANDSTONE

SILTSTONE

Topsoil or
pavement

FILL

KEY TO BORING LOGS

TERMS DESCRIBING CONSISTENCY OR CONDITION

Coarse grained soils (major portion retained on No. 200 sieve): Includes
gravels and sands. Condition is rated according to the Standard
Penetration Resistance, as shown below.

rjsssriptive Term Blows_Bfir_F_Qflt —

Very loo»e 0 - 5
Looae 5 - 10
Medium dense 10 - 30
Dente 30 - 50
Very dense Greater than 50

Fine grained soils (major portion passing No. 200 sieve): Includes clays and
silts. Consistency is rated according to shearing strength, as indicated by
penetrometer readings or by unconfmed compression tests

Descriptive Unconfmed Compressive
Term Strength. Jons/sq.ft Hand Test

Very soft less than 0.25 Extrudes between fingers
Soft 0.25 - 0.50 Molded by slight pressure
Firm 0.50-1.00 Molded by strong pressure
Stiff 1 .00 - 2.00 Indented by thumb
Very stiff 2.00-4.00 Indented by thumbnail
Hard 4.00 and higher Difficult to indent

_LEGEND AND NOMENCLATURE

E/3 Standard Penetration Sample

B5» Liner-tube sample, obtained by penetration of thick wall sampler
" containing 2 in. diameter liner-tubes (California sampler).
~ Undisturbed sample, obtained by penetration of minimal 3 in. diameter,
— thin wall tube or, where indicated, fixed-piston sampling head.

ft] NX core.

PP,tsf Unconfmed compressive strength in tsf estimated with pocket
penetrometer.

TV, tsf Undrained shear strength in tsf estimated with torvane.
NMC, % Natural Moisture Content, %

LL Liquid Limit
PI Plasticity Index

Qu, ksf Unconfmed Compressive Strength (Laboratory), ksf
RQD = 80% Percentage (80) of Rock Quality Designation

•=• Depth Groundwater enters at time of drilling.

= Groundwater Level at some specified time after drilling.

SAMPLING RESISTANCE

P Sample pushed by hydraulic rig action.
3 Numbers indicate blows per 6 in. of sampler penetration when driven
6 by a 140 Ib hammer falling freely 30 in. The Standard Penetration
9 Resistance is the number of blows for the last 12 in . of penetration of

the Standard Penetration sampler, e.g. 15.
15 Standard Penetration Resistance

50/2 Number of blows (50) used to drive the Standard Penetration Sampler
a certain number of inches (2).

ABBREVIATIONS USED UNDER "FIELD NOTES'

HSA = Hollow Stem Auger
CFA = Continuous Flight Auger
ATD = At Time of Drilling
AD = After Drilling
DWL = Drill Water Loss
DWR = Drill Water Return

URS Corporation



LOG of BORING No. GB-1 Sheet 1 °f 2
HATE 11/8/99 SURFACE ELEVATION FT 407.0 DAT™™ USGS LOCATION See Fiaure 1

~ in
DE

PT
H.

 «

SA
M

PL
E

°1

-

-

5-

-

',
10-

-

-

-;
15-

-

-

20-;
-

*

atoo

SA
M

PL
IN

ES
IS

TA
N

cc

4

3

2
; i

2

; 4
; 4
; 3

; 7
/ n

10

1 7
^ 6
£ 8

<£

EC
OV

ER
Y

cc

100

83

83

100

83

72

DESCRIPTION

Firm, dark brown, moist, low plasticity
Silty CLAY (CL)

Loose tan, dry. fine Sandy SILT (ML)

Becoming moist

Very loose, tan, wet, SILT (ML); with
trace of clay and some fine sand 2

Becoming loose

Loose, wet, tan, fine Silty SAND (SM)

Medium dense, tan, wet fine Sandy SILT,
to Silty SAND (SM/ML)

Medium dense, tan. wet, medium to fine
Silty SAND (SM)
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Figure A-2
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LOG of BORING No. GB-2
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Figure A-3

LOG of BORING No. GB-3 Shcet 3 °< 3
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DESCRIPTION

Boaom of boring at 50.5ft.

50.5 Ft.

2399STL022
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ft., After hrs.

Tim Hicks
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Figure A-8

LOG of BORING No. PZ-1 Shcct 1 of 1

DATE 11/8/99 SURFACE ELFVAT1ON FT 402.0 DATITM USGS LOCATION See Raure 1
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Project Name:
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DESCRIPTION

Sort, moist, brown, low plasticity Siiry
CLAY

Becoming stiff

Becoming firm, medium plasticity mottled
brown, gray

Very loose, wet, gray. Sandy SILT (ML);
with medium to fine sand

^
Loose, wet, gray, medium to fine SAND j
(SM); with some silt

Very loose, wet, tan, fine SAND (SM);
with a trace of silt

Becoming medium dense

Bottom of boring at 20.5ft.

20.5 Ft.
2399STL022

Solutia
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O NOTES

Hin. I.D HSA

9.5 ft After ATD hrs.

10 ft., After 18 hrs.

ft. Aftrr hrs.
Tim Hicks

12/2/99 WCCXS TL022 URS Greiner Woodward Clyde



MONITORING WELL INSTALLATION REPORT

Project

Project No 2399STL022

Method of Installation 4

Installed By Redi
H.S.A. Done 1150

Well No.
Location SeeRgureY____

Date _LL/8/22___Time J100

LOG OF BORING AND WELL

BORING

r -^
•f- L.a• ca —

.0.00 .

.

•

-7.20 -
^•9.50-

- _

-

-
-•
-1

Daccr i pt i on

Soft, moist, brown,low plasticity Silty
CLAY
Becoming stiff
Becoming firm, medium plasticity
mottled brown, gray
Very loose, wet, gray, Sandy SILT

JML); with medium to fine sand
Loose, wet, gray, medium to fine
SAND (SM); with some silt
Very loose, wet, tan, fine SAND
(SM); with a trace of silt

Becoming medium dense
Bottom of boring at 20.5ft.

0ae
in

ty//,
X//X!

%,

• 'f.

-:

Type of Well

Ground Eta

WELL

401.8
c

I A

I V1
j3$J$$J4SKJJ3$JJS3!?SSJi

L2=LO_
13-8,0
L4=1LO_ l

1

,7

I

L

5 _

I

i

6 l

"••1

2

*:=:•l: :
*: :

<: •
1; :
1; :
!•: :

•* I I
*: •l; :I- :i- :i; ;
': :'
i : :
i : ii : :i : :

Si': 1

•:

m

^

Af\fi Q

~|Ŝ ?̂$J$$5$$?$$?$$S

I

Rjw Pippin in lin.
Type nf Pipe PVC

Backfill Type Around Riser
Pnrflanr1 ppmpnt

Top "f Seal Elevation
Type of Seal Material

See below

Top of Filter Elevation 8-° _
Type of Filter Material

Ouartz
Size of Opening, in, 0,01 .
Diameter of Well Tip, in.

1.0
Bottom of Screen Elevation

19.0
Bottom of Riser Elevation

19.0
- Bum of Boring Elev. 19,0

Diameter of Boring, in. — i>2 ——

Remarks

Inspected By Tim Hicks
WOODWARD-CLYDE CONSULTANTS



Subsurface Soil Laboratory Test Data
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Axial Strain, %

15 20

Specimen Information
Water

ContertU%)
20.4

Wet Unit
Weight (pcf)

106.3

Dry Unit
Weight (pcf)

88.4

LL PI Length
On)

2.959

Diametet
On)

1.886
Description and/or Classification: ML. brown slightly to nonplastic SILT, trace f. sand

Tested by: BB
Test Date: Nov-18-99

Reviewed by: // I

Test Summary
q«

(tsf)
0.52

Strain to
Peak (%)

3.16

Strain Rate
(%/min)

1.00

FAILURE
SKETCH

Project No.
23-99STL0022.01

SOLUT1A

URS Greiner Woodward Clyde

UNCONFINED COMPRESSION TEST
Boring: GB-1

Sample: A Depth:4.35-4.7 November 1999

GSI Analysis File Ucdaovl UC322A.xls 11/24/1999
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Axial Strain, V.

Specimen Information
Water

Content (%)
28.2

Wet Unit
Weight (pcf)

115.0

Dry Unit
Weight (pcf)

89.7

LL PI Length
(in)

5.862

Diametei
On)

2.874
Description and/or Classification: ML. brown slightly to nonplastic SILT, trace f. sand

Tested by: BB
Test Date: Nov-17-99

Reviewed by:

Test Summary
q«

(tsf)
0.48

Strain to
Peak (%)

7.70

Strain Rate
(%/min)

0.74

FAILURE
SKETCH

Project No.
23-99STL0022.01

SOLUTIA

URS Greiner Woodward Clyde

UNCONFINED COMPRESSION TEST
Boring: GB-1

Sample: A Depth:6.45 November 1999

11/24/1999



10
Axial Strain. %

15

Specimen Information
Water

Content (%)
22.6

Wet Unit
Weight (pcf)

116.0

Dry Unit
Weight (pcf)

94.7

LL PI Length
(in)

6.006

Diameter
(in)

2.873
Description and/or Classification: MU Ijgh, brQwn s.np S|LJ

brown silty CLAY.
______Test Summary

Tested by: BB
Test Date: Nov-29-99

day. top r C{_

Reviewed by: Jl \

q»
(tsO

0.95

Strain to
Peak («/.)

3.96

Strain Rate
(%/min)

0.73

20

FAILURE
SKETCH

Project No.
23-99STL0022.01

SOLUTIA

URS Greiner Woodward Clyde

UNCONFINED COMPRESSION TEST
Boring: GB-2

Sample: A Depth:1.35 November 1999

GSl Anaiyvs Pile Ucdapvl Uc333a.xls 11/30/1999



Figure A-13
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SAMPLE INFORMATION

Boring: GB-1
Sample: Spec C
Depth: 7.55 feet
Elevation:
Type: 3-Inch thin wall tube

ML. brown nonplastlc SILT, trace (. sand

SPECIMEN INFORMATION
(NOTE: Initial and flnal states refer to beginning and end of test)

Initial height: 0.61 Inch
Diameter: 2.50 Inch

Initial water content: 32.3 %
Initial total unit weight: 113.9 pel
Initial dry unit weight: 86.1 pel
Initial void ratio: 1.000
Initial degree of saturation: 89 %

rrn Final water content: 29.6 %
Final total unit weight: 122.9 pcf
Final dry unit weight: 94.8 pcf
Final void ratio: 0.818
Final degree of saturation: 100 % (assumed specific gravity = 2.76 )

TEST SUMMARY

Construction Method: Casagrande (
Estimated preconsolldatlon stress (tsf): 1
Estimated In situ effective overburden stress (tsf):
Compression Ratio (strain per log cycle stress): 0.
Compression Index (void ratio per log cycle stress): 0.2
Swell Ratio (strain per log cycle stress): O.C
Swell Index (void ratio per log cycle stress): O.C

Log)
2.8 (Range: 10.9 to 15.3)

28
56
08
16

Recompresslon Ratio (strain per log cycle stress): 0.012
Recompresslon Index (void ratio per log cyde stress): 0.024
Remarks:

' LEGEND: D End of primary ° End of Stage ————— Loadlr

Test Date: 11/17/99 Tested Bv: GET Ch
Solutia

100 ———————————————— ———————————————

URS Grelner Woodward Clyde Project No. 23-99STL0022

>g - — ——— Unloading

sckedBy: /} \ ,
ONE DIMENSIONAL

CONSOLIDATION TEST
Boring: GB-1 Depth: 7.S5 teal

November 1999 Fig.

CSI A/lMfl* FM CWJft )99



Figure 4
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DESCRIPTION AND REMARKS

dark brown silly 1. SAND.
brown 1. SAND, trace silt.

'

dark brown m-f SAND, trace gravel, c. sand. silt.
brown ( SAND, trace silt.

Symbol
Boring
Sample
Spec
Depth

% Gravel
% SAND
% FINES

%-2n
Cc
Cu
LL
PL
PI

uses

Particle

(Sieve ft)
4'
3"

1 1/2"
3/4"
3/8"

4
10
20
40
60
100
200

D
GB-1

14-15.5

56.8
43.2

SM
36.6

O

100.0
99.9
99.8
43.2

PARTI

Project No.
23-99STL022

•
GB-2

9-10.5

90.9
9.1

1.0
2.0

SP-SM
25.5

rCr\L»crs

1000
99.8
60.7
9.1

O
GB-2

29-30.5

5.2
91.1
3.7

1.2
2.3

SP
22.1

T FINER
0

100.0
96.3
94.8
91.5
85.9
72.2
60.6
19.1
3.7

•
GB-3

19-20.5

95.2
4.8

1.2
2.1

SP
26.9

100.0
99.9
99.7
33.9
4.8

CLE SIZE DISTRIBUTION
Solatia

November 1999 Figure

URS Greiner Woodward Clyde



A-

PROJECT:
PROJECT NO.:
BORING:
SAMPLE
TEST:
DEPTH, feet:
BY:
TEST DATE:

Solutia
23-99STL0022
GB-1
SpecC
C99216
7.55
GET
11/17/1999

Initial
Initial height:

water content:
Initial dry density:

Initial total density:
Initial saturation:
Initial void ratio:

EQUIPMENT:
Load Frame No.:
Ring Diameter:

Load
No.

1
2
3
4
5
6
7
8
9

10
11
12

14
15
16
17
18
19
20
21

Load

(tsf)
0.063
0.125
0.250
0.500
1.00
2.00
4.00
8.00

16.0
32.0
64.0
32.0

8.00
16.0
32.0
64.0
32.0

8.00
2.00
0.500
0.125

5
2.5

dioo

(inch)
0.0017
0.0037
0.0078
0.0128
0.0160
0.0206
0.0271
0.0360
0.0490
0.0657
0.0893
0.0955
0.0922
0.0920
0.0936
0.0966
0.0974
0.0943
0.0916
0.0884
0.0850

Inch

'100
Strain
(%)

0.277
0.602
1.273
2.093
2.610
3.359
4.410
5.862
7.994

10.708
14.564
15.562
15.023
15.005
15.254
15.751
15.884
15.367
14.938
14.412
13.863

0.613
32.3
86.1

113.9
89

1.000

SPECIMEN DESCRIPTION:

'100
Void Ratio

(-)
0.995
0.988
0.975
0.959
0.948
0.933
0.912
0.883
0.841
0.786
0.709
0.689
0.700
0.700
0.695
0.685
0.683
0.693
0.702
0.712
0.723

Final
Strain
(%)

0.345
0.857
1.511
2.371
2.905
3.832
4.911
6.533
9.213

11.603
15.759
15.531
14.940
15.050
15.314
16.073
15.856
15.306
14.766
14.070
13.580

inch Final height:
% Final water content:

pcf
pcf

Final dry density:
Final total density:

% Final saturation:
Final void ratio:

Final strain:

0.554
29.6
94.8

122.9
100

0.818
9.8

inch
%

pcf
pcf
%

%

ML, brown nonplastic SILT, trace f. sand

G
2.76

Final
Void Ratio

(-)
0.994
0.983
0.970
0.953
0.942
0.924
0.902
0.870
0.816
0.768
0.685
0.690
0.702
0.699
0.694
0.679
0.683
0.694
0.705
0.719
0.729

LL

Cy

(ftVyear)
89.22

2086.38
2467.32
871.77

2440.00
2407.63
2301.41
2207.57
2144.66
2031.05
1871.59
1796.95
1771.15
1868.95
1809.76
1950.94
1778.30
1775.23
1778.33
1855.80
2015.63

PL
np

ca

(strain/log!)
0.0003
0.0007
0.0008
0.0011
0.0009
0.0012
0.0015
0.0022
0.0028
0.0036
0.0046

-0.0001
-0.0002
0.0001
0.0002
0.0013
-0.0001
-0.0002
-0.0006
-0.0009
-0.0009

PI

Constrained
Modulus

(tsf)
22.56
19.26
18.63
30.47
96.78

133.40
190.31
275.50
375.26
589.49
829.93

3208
4455

45734
6429
6443

24135
4647
1400

285.14
68.20

Permeability

(cm/sec)
1.19E-07
3.27E-06
4.00E-06
8.63E-07
7.61 E-07
5.44E-07
3.65E-07
2.42E-07
1.72E-07
1.04 E-07
6.80E-08
1.69E-08
1 .20E-08
1.23E-09
8.49E-09
9.14E-09
2.22E-09
1.15E-08
3.83E-08
1.96E-07
8.92E-07

GSIAn File: Conv30.xls C992 11/24/1999 PC



Prof a.: 23-99STL022.01 File: Indx2.xls I
Solui. , Cahokla

LABORATORY TESTING DATA SUMMARY
/eA-16

BORING

NO.

GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4
GB-4

SAMPLE

NO.

S-1
S-1A
S-1

S-1C
S-2
S-2
S-2

S-2B
S-3
S-4
S-5
S-6
S-7
S-8
S-9

S-10

DEPTH

(")
0-2
0.5
1.2

1.55
2-4

2.45
3

3.25
4-6
6-8

8-10
10-12
12-14
14-16
16-18
18-20

IDENTIFICATION TESTS
WATER

CONTENT

(%)

23.6
14.4
14.1

10.7
30.4
26.9
21.3

34.6

35.3
25.8

27.1

LIQUID
LIMIT

37

34
np

np

38
np

PLASTIC
LIMIT

14

19
np

np

21
np

PLAS.
IND.

23

15
np

np

17
np

uses
SYMB

(1)

CL
SM
SP

CL
CL
CL
ML
ML
ML
ML
CL
ML

CL-ML
SM

SIEVE

MINUS
NO 200

(%)

65.3

84.7
58.9

72.0

99.4
96.1
92.9
18.6

HYDRO.
% MINUS

2 urn

(%)

21

17
5

5

16
10
16

TOTAL
UNIT

WEIGHT
(pet)

101.8
113.1

100.3
104.1

SPECIFIC
GRAVITY

2.654

2.660

2.672

STRENGTH
UU

CELL
PRESSURE

(Isf)

0.5

PEAK
DEVIATOR
STRESS

(tsf)

0.8

AXIAL STRAIN

©PEAK
STRESS

(%)

15.6

CONSOL.
INITIAL CONDITIONS

VOID
RATIO

SATUR-
ATION

REMARKS

perm.

visual

visual

Prepared by: RR Reviewed by: Dale: 12/12/2000 Page 1 of 2



Project No.: 23-99STL022.01 File: Indx2.xls
Solutia, Cahokia

LABORATORY TESTING DATA SUMMARY
Figure A-l 7

DOPING

NO

GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5
GB-5

SAMPLE

NO.

S-1
S-1

S-1A
S-1

S-1B
S-2
S-2

S-2A
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9

S-10

DEPTH

(It)
0-2

0.15
0.4
0.7

0.95
2-4

2.15
2.45
2.65
4-6
6-8

8-10
10-12
12-14
14-16
16-18
18-20

IDENTIFICATION TESTS

WATER
CONTENT

(%)

25.1
26.4
27.4
28.1

30.7
25.5
22.1
29.1
29.4
33.1

25.3

LIQUID
LIMIT

36

34

PLASTIC
LIMIT

24

22

PLAS.
IND.

12

12

uses
SYMB.

(1)

CL
CL
CL

CL-ML
CL-ML
CL-ML

CL

ML

SM
ML
SM
SP

SIEVE
MINUS
NO. 200

(%)

90.1

95.1

98.0

55.2

42.6

46.5
3.3

HYDRO.
% MINUS

2 |im
(%)

21

13

5

4

TOTAL
UNIT

WEIGHT
(pcf)

112.1

112.3

114.2
111.1

SPECIFIC
GRAVITY

2.670

STRENGTH
UU

CELL
PRESSURE

(Isf)

1.0

PEAK

DEVIATOR
STRESS

(tsf)

0.9

AXIAL STRAIN
©PEAK
STRESS

(%)

15.5

CONSOL.
INITIAL CONDITIONS

VOID
RATIO

0.856

SATUR-
ATION

87

REMARKS

no sample

visual

Note: (1) Plasticity of fines for USCS symbol based on visual observation unless Sieve and Atterberg limits reported.

Prepared by: RR Reviewed by: Date: 12/12/2000



Project,,o.: 23-99STL022.01 File: Visual2.xls

Figure A-18
Solutia, Cahokia

VISUAL CLASSIFICATION

BORING
NO.

GB-4

GB-4

GB-5

SAMPLE
NO.

S-4

S-6

S-8

DEPTH

(ft)
6-8

10-12

14-16

VISUAL DESCRIPTION

ML, brown non-plastic SILT, trace f. sand.

ML, light gray non-plastic SILT, trace f. sand.

ML, light gray non-plastic SILT, trace f. sand.

WATER
CONTENT

(%)

LIQUID
LIMIT

PLASTIC
LIMIT

POCKET
PEN.
(tsf)

Prepared by: RR Reviewed by: Date: 11/28/2000



Figure A-19

COBBLES

GRAVEL

COARSE FINE

SAND

COARSE MEDIUM FINE SILT OR CLAY

U.S. Standard Sieve Size

100

O
UJ

CO
C9z
M
W

O.
I-

UJ
CL

100 1 0.1

PARTICLE SIZE -mm

0.01 0.001

SYMBOL DESCRIPTION AND REMARKS

Symbol
Boring
Sample
Spec
Depth
% +3"

% Gravel
%SAND
% FINES

%-2n
Cc
Cu
LL
PL
PI

uses

D

Particle
Size

(Sieve »)
4"
3'

1 1/2"
3/4"
3/8"
4
10
20
40
60
100
200

S-1
A

0.5

34.7
65.3
21

37
14
23
CL

23.6

GB-4
S-2
B

3.25

15.3
84.7
17

34
19
15
CL

O
GB-4
S-3

4-6

41.1
58.9

5

np

ML

PERCENT FINER

100.0
99.9
99.7
99.3
95.1
65.3

100.0
99.9
99.9
99.3
84.7

100.0
99.9
99.8
97.7
58.9

GB-4
S-5

8-10

28.0
72.0

5

np

ML

100.0
99.9
99.4
72.0

brown f. sandy CLAY.
brown silty CLAY, some (. sand.

PARTICLE SIZE DISTRIBUTION
Solutia. Cahokia

O brown f. sandy SILT.
Project No.

23-99STL022 November 2000 Figure
brown SILT, some f. sand.

URS

Siev2axls 11/2«/?000



Figure' J

COBBLES

GRAVEL

COARSE FINE

SAND

COARSE MEDIUM FINE SILT OR CLAY

100

(3
ui

m

M

2
UJ

g

10

U.S. Standard Sieve Size

SYMBOL

10 1 0.

PARTICLE SIZE -mm

0.01

DESCRIPTION AND REMARKS

0.001

Symbol
Boring
Sample

Spec
Depth
% +3"

% Gravel
%SAND
% FINES

% -2n
Cc
Cu
LL
PL
PI

uses
w (%)

Particle
Size

(Sieve #)
4-
3-

1 MY
3/4"
3/8"
4
10
20
40
60
100
200

GB-4
S-7

12-14

0.6
99.4
16

38
21
17
GL

GB-4
S-8

14-16

3.9
96.1
10

np

ML

GB-4
S-9

16-18

7.1
92.9
16

CL-ML

PERCENT FINER

100.0
99.9
99.9
99.9
99.4

100.0
99.9
99.9
99.8
98.5
96.1

100.0
99.9
99.8
97.3
92.9

GB-4
S-10

18-20

81.4
18.6

SM
27.1

100.0
98.9
97.2
96.0
95.2
42.0
18.6

D gray silty CLAY.
gray SILT, trace I. sand.

PARTICLE SIZE DISTRIBUTION
Solutia, Cahokia

O gray silty CLAY, trace (. sand.
Project No.

23-99STL022 November 2000 Figure
gray-brown I. SAND, some silt, trace c-m sand.

URS

Siev2b.xls 11/28/2000



Figure A-21

COBBLES

GRAVEl

COARSE FINE

SAND

COARSE MEDIUM FINE SILT OR CLAY

100

u
HI

ffi
(9
55
M

uio
UJ

U.S. Standard Sieve Size

10 1 0.1

PARTICLE SIZE -mm

0.01 0.001

SYMBOL DESCRIPTION AND REMARKS

Symbol
Boring
Sample
Spec
Depth
% +3"

% Gravel
% SAND
% FINES

%-2n
Cc
Cu
LL
PL
PI

uses

Particle
Size

(Sieve #)
4"
3"

1 1/2"
3/4"
3/8"

4
10
20
40
60
100
200

GB-5
S-1
A

0.4

9.9
90.1
21

CL

GB-5
S-3

4-6

2.0
98.0
13

34
22
12
CL

O
GB-5
S-5

8-10

44.8
55.2

ML
33.1

PERCENT FINER

100.0
100.0
99.9
99.9
99.5
90.1

100.0
99.9
99.5
99.5
99.4
99.4
98.0

100.0
99.9
99.8
98.2
55.2

O dark brown silly CLAY, trace f. sand: fibers noted. PARTICLE SIZE DISTRIBUTION
Solutia, Cahokia

brown silty CLAY, trace t. sand. Project No.
23-99STL022 November 2000 Figure

O brown f. sandy SILT

URS

Siev2c.xls 1'



Figure.

COBBLES

GRAVEL

COARSE FINE

SAND

COARSE MEDIUM FINE

U.S. Standard Sieve Size

100

SYMBOL

10 1 0.1

PARTICLE SIZE -mm

SILT OR CLAY

0.01

DESCRIPTION AND REMARKS

0.001

Symbol
Boring
Sample

Spec
Depth
%+3"

% Gravel
%SAND
% FINES

%-2M

Cc
Cu
LL
PL
PI

uses

Particle
Size

(Sieve #)
4"
3"

1 1/2"
3/4"
3/8"
4
10
20
40
60
100
200

GB-5
S-7

12-14

57.4
42.6

5

SM

GB-5
S-9

16-18

53.5
46.5

4

SM

O
GB-5
S-10

18-20

96.7
3.3

1.2
2.1

SP
25.3

PERCENT FINER

100.0
99.9
99.7
94.1
42.6

100.0
99.7
92.6
78.7
46.5

100.0
97.0
32.1
3.3

D brown silly f. SAND. PARTICLE SIZE DISTRIBUTION
Solutia, Cahokia

brown silty I SAND. Project No.
23-99STL022 November 2000 Figure

O brown f. SAND, trace silt.

URS

Siev2d.xls 11/28/2000



Figure A-23

Project No.
Project Name:

23-99TL022.01
Solutia, Cahokia

Specimen - Apparatus set-up - '
1 ) Specimen Tested in :

2) Specimen orientation for:
3) During saturation: Water flus
4) During consolidation:
5) Direction of per meant :
6) Permeant: water used

Consol
Stage-
Trial
No.
initial
final
1

initial
final
2

initial
final
3

initial
final
4

Temp.

°C
22.0
22.0

RT = 0.952

22.0
22.0

R 1 = 0 952

22.0
22.0

R T = 0 952

22.0
22.0

RT = 0.952

Date

11/15/00
11/15/00

CONSTANT HEAD HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 - 90

BORING: G?-4
SAMPLE: S-1C DEPTH (ft): 1.55 Test No.: P5973

Test Information
X

X

Triaxial Cell or
with stones or
Vertical or

Apparatus No. C-2 „
Compaction Mold 01

'

Stones with filter paper or

Cell No. 1 •/ Stage 2 - '

top + bottom
Horizontal permeability determination

hed up sides of specimen to remove air:
X

X

X

Top and bottom drainage or
Up during or
Tap
Demineralized

Time

hr
11
11

min
26
42

dT= 14.52min
11/15/00
11/15/00

11
11

43
57

dT = 14.57 min
11/15/00
11/15/00

11
12

58
33

dT = 34.25 min
11/15/00
11/15/00

12
12

35
49

dT = 14.67 min

sec
00
31

I/

00
34

S
45
00

s

00
40

/

Preliminary Length/Area Calculations
Lo= 3.997 in Lo= 10.153 cm
Ao= 6.357 'n2 Ao= 41.01 cm2

Vo= 25.410 in3 Vo = 416.40 cm3

Lc= 10.097 cm Vc= 409.53 cmj

Ac= 40.559 cm2

u£T
Tested By: DT Reviewed By: G. Thomas

X No
Top

Yes
Bottom only

Down during permeation
Distilled
0.005 N calcium sulfate (CaSO4)

Initial
oc

psi
105.0

Ub

psi
100.0

o'c= 0.7 ksf
105.0 100.0

o'c= 0.7 ksf
105.0 100.0

o'c= 0.7 ksf
105.0 100.0

o'c = 0.7 ksf

Dial
Indicator

in
0.522

0.522

0.522

0.522

Pressu
Rea

Mercury
(inch)

eHead
ding

Gage
(psi)

Flow
Reading

(cm)
4.00
7.70 /

3.10
6.20 '

3.10
11. BO/'

3.70
7.30 '

TEST SUMMARY
Final Specimen and Test Conditions
LC= 10.097 Cm Eaxtol= 0.6%

Ac= 40.347 cm2

Vc= 407.38 cm3
 EVO|= 2.2%

w Yt Yd S
(%) (pcf) (pcf) (%)

Initial 14.13 100.3 87.9 41.9
PreTest 32.16 118.8 89.9 100.0

Flow
Vol (cm3)

Rate
(cm3/sec)
76.516
0.0878

64.108
0.0734

179.916
0.0876

74.448
0.0846

Fluid Head
Reading

Head
(cm)

63.45
63.45
63.45
63.45
63.45
63.45
63.45
63.45
63.45
63.45
63.45
63.45

TaH
(cm)

37.10
37.10 '
37.1
37.10
37.10 /
37.1

37.10
37.10 '
37.1
37.10
37.10
37.1

Total Head
Uncorrected
Correction

Corrected (cm)
26.35
11.61
14.74
26.35
11.24
15.11
26.35
11.57
14.78
26.35

r 11.18
15.17

Gradient

1.46

1.50

1.46

1.50

Permeability
Preliminary

Final at 20°C
cm/sec

1.48E-03
1.42E-03

1.21E-03
1.16E-03

1.47E-03
1.41E-03

1.39E-03
1.33E-03

HYDRAULIC CONDUCTIVITY SUMMARY

Averages for trials: 1-4
aveK@20°C: 1.33E-03 cm/sec

(i0)ave= 1.48

HYDRAULIC CONDUCTIVITY TEST

GSI Analysis File TRXPRMV? xfe Page lof 1 11/28/21/w P5973 Us
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Wet Unit Dry Unit
Weight (pcf) Weight (pcf)

113.1 91.5

20

; roots noted, sample more sandy towards bottom.

Test Summary
Axial Strain during
confinement (%)

0.35

Compresstve Strength
(tsf)
0.80

Strain to
Peak (%)

15.58

Solutia, Cahokia

URS

Strain Rate
(%/min)
0.73

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION TEST

Boring No.: GB-4 Sample No
Depth (ft): 0.5

.: S-1A

FAILURE
SKETCH

November 2000

GSI Analysis File UUVi xls UU319a.xls 11/28/2000



i< igure A-

10
Axial Strain. %

Specimen Information

15

Water
Content (%)

26.4

LI- PI Length
(in)

6.014

Diameter
(in)

2.850

Wet Unit
Weight (pcf)

112.3

Dry Unit
Weight (pcf)

88.9
CL, dark brown silty CLAY, trace f. sand.

Test Summary
Cell Pressure

(tsf)
1.00

Axial Strain during
confinement (%)

0.60

Compressive Strength
(tsf)
0.86

Strain to
Peak (%)

15.48

Strain Rate
(%/min)
0.73

20

FAILURE
SKETCH

Project No.
23-99STL022.01

Solutia, Cahokia

URS

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION TEST

Boring No.: GB-5 Sample No.: S-1A
Depth (ft): 0.4 November 2000

GSI Analysis File UUVVxIs UU321a.xls 11/28/2000
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Boring: GB-5
Sample: S-1B
Depth: 0.95 feet
Elevation:
Type: 3-inch thi
Description: CL

dark brow
LL = 36,

SPECIMEN INFORMATION
(NOTE: Initial and final states

Initial height: 0.61 inc
Diameter: 2.50 inc

Initial water content:
Initial total unit weight:
Initial dry unit weight:
Initial void ratio:
Initial degree of saturation:

Final water content:
Final total unit weight:
Final dry unit weight:
Final void ratio:
Final degree of saturation:

TEST SUMMARY

Construction Method:
Estimated preconsolidation str

i wall tube

n silty CLAY, some f. sand.
PL = 24, PI = 12

refer to beginning and end of test)

h
h

28.1 %
114.2 pcf
89.1 pcf

0.870
86 %

27.2 %
121.3 pcf

95.3 pcf
0.748

97 % (measured specific gravity = 2.67 )

Casagrande (Log)
ess (tsf): 10.2 (Range: 6.9 to 11.1)

Estimated in situ effective overburden stress (tsf):
Compression Ratio (strain per
Compression Index (void ratio
Swell Ratio (strain per log cyd
Swell Index (void ratio per log
Recompression Ratio (strain p
Recompression Index (void rat
Remarks:

LEGEND: D End of primary

Test Date: 11/16/00 Te

31 01 1 10 100

v.rtic.istr.it(un URS Corporation

log cycle stress): 0.124
per log cycle stress): 0.232
3 stress). 0.007
cycle stress): 0.013
er log cycle stress): 0.009
io per log cycle stress): 0.017

sted By: RR/CMJ Checked By: /I (
Solutia, Cahokia

Project No. 23-99STL022.01

ONE DIMENSIONAL

CONSOLIDATION TEST

Boring: GB-5 Depth 0 95 feet

November 2000 Fig.

GSI AnalyiM FM Onv30.ll C00151 xls 12/12/2000



Figure A-27

PROJECT:
PROJECT NO.:
BORING:
SAMPLE
TEST:
DEPTH, feet:
BY:
TEST DATE:

Solatia, Cahokia
23-99STL022
GB-5
S-1B
COO 150
0.95
RR/CMJ
11/16/2000

.01 Initial height:
Initial water content:

Initial dry density:
Initial total density:

Initial saturation:

EQUIPMENT:
Load Frame No.:
Ring Diameter:

Load
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Load

2
2.5

dioo

inch

t,oc1

Strain
(tsf)

0.063
0.125
0.250
0.500
1.00
2.00
4.00
8.00

16.0
8.00
2.00
4.00
8.00

16.0
32.0
64.0
32.0

8.00
2.00
0.500
0.125

(inch)
0.0008
0.0030
0.0061
0.0105
0.0154
0.0207
0.0284
0.0402
0.0556
0.0599
0.0574
0.0568
0.0578
0.0601
0.0742
0.0969
0.1026
0.0997
0.0964
0.0922
0.0887

(%)
0
0
0

.131

.484

.994
1.716
2
3
4
6
9
9
9
9

.524

.384

.656

.586

.106

.798

.398

.304
9.459
9

12
15
16
16
15
15
14

.832

.140

.865

.794

.313

.773

.096

.520

Initial void ratio:

0.611
28.1
89.1

114.2
86

0.870

SPECIMEN DESCRIPTION:

t100

Void Ratio
(-)

0.868
0.861
0.852
0.838
0.823
0.807
0.783
0.747
0.700
0.687
0.694
0.696
0.693
0.686
0.643
0.574
0.556
0.565
0.575
0.588
0.599

Final
Strain
(%)

0.275
0.785
1.222
2.157
2.975
3.737
5.213
7.280
9.882
9.758
9.303
9.400
9.571

10.150
13.093
16.965
16.769
16.232
15.569
14.686
13.199

inch Final height:
% Final water content:

pcf
pcf

Final dry density.
Final total density:

% Final saturation:
Final void ratio:

CL
dark brown silty

G
2.67

Final
Void Ratio

(-)
0.865
0.856
0.847
0.830
0.815
0.800
0.773
0.734
0.685
0.688
0.696
0.694
0.691
0.680
0.625
0.553
0.557
0.567
0.579
0.596
0.623

CLAY, some
LL
36

Cy

(ft'/year)
832.77

1682.61
1214.21
3127.33
673.82
850.26

1284.74
949.99
866.22

1458.43
870.52

3029.10
1893.45
2240.16
889.28
827.67
754.47
390.83
595.65
421.35

2446.85

Final strain:

f. sand.
PL
24

ca

(strain/logt)
0.0004
0.0007
0.0008
0.0011
0.0013
0.0014
0.0022
0.0027
0.0032

-0.0001
-0.0004
0.0001
0.0003
0.0011
0.0039
0.0046

-0.0001
-0.0003
-0.0007
-0.0018
-0.0032

0.571
27.2
95.3

121.3
97

0.748
6.5

PI
12

Constrained
Modulus

(tsf)
47.75
17.69
24.50
34.66
61.83

116.35
157.27
207.19
317.54

1155.19
1498.85
2133.85
2586.18
2141.75
693.19
859.17

3442.92
4990.62
1109.70
221.74
65.06

inch
%

pcf
pcf
%

%

Permeability

(cm/sec)
5.26E-07
2.87E-06
1 .49E-06
2.72E-06
3.29E-07
2.20E-07
2.46E-07
1.38E-07
8.23E-08
3.81 E-08
1 .75E-08
4.28E-08
2.21 E-08
3.16E-08
3.87E-08
2.91 E-08
6.61E-09
2.36E-09
1.62E-08
5.73E-08
1.13E-06

L.GSI A. _./sis File: Conv30.xls 12/12/2000 1 of 1



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 05-04-00
Time of Run: 2:09pm
Run By. Martin Brungard
Input Data Filename: C:SAUGET.IN
Output Filename: C:SAUGET.OUT
Plotted Output Filename: C:SAUGET.PLT

PROBLEM DESCRIPTION Solutia Sauget Landfill
-Exterior Slope Seismic Condition

BOUNDARY COORDINATES

3 Top Boundaries
5 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 0.00 40.00 30.00 40.00 3
2 30.00 40.00 110.00 60.00 1
3 110.00 60.00 150.00 60.00 1
4 30.00 40.00 150.00 40.00 3
5 0.00 30.00 150.00 30.00 2



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 120.0 120.0 1000.0 0.0 0.00 0.0 0
2 120.0 120.0 0.0 30.0 0.00 0.0 1
3 120.0 120.0 480 .0 0.0 0 . 0 0 0.0 0



1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 0.00 30.00
2 150.00 30.00



BOUNDARY LOAD(S)

1 Load(s) Specified

Load X-Left X-Right Intensity Deflection
No. (ft) (ft) (Ib/sqft) (deg)

110.00 150.00 200.0 0.0

NOTE - Intensity Is Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.

A Horizontal Earthquake Loading Coefficient
Of0.100 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 psf



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified

800 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 40 Points Equally Spaced
Along The Ground Surface Between X = 20.00 ft.

and X = 30.00 ft.



Each Surface Terminates Between X = 120.00 ft.
and X = 150.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.

5.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 29.23 40.00
2 33.73 37.82 >.
3 38.35 35.90
4 43.07 34.25
5 47.88 32.88
6 52.75 31.78
7 57.69 30.96
8 62.66 30.42
9 67.65 30.17

10 72.65 30.20
11 77.64 30.53
12 82.60 31.13
13 87.52 32.02
14 92.39 33.19
15 97.17 34.63
16 101.87 36.35
17 106.46 38.33
18 110.93 40.57
19 115.26 43.07
20 119.45 45.80
21 123.47 48.77
22 127.31 51.97
23 130.97 55.38
24 134.42 59.00
25 135.27 60.00

Circle Center At X = 69.5 ; Y = 117.5 and Radius, 87.4 ^_



1.354 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

X-Surf
(ft

24.
28.
33.
38.
43 .
47.
52.
57.
62.
67.
72.
77.
82.
87.
92.
97.
102 .
107.
111.
116.
121.
125.
129.
134 .
138.
142.
146.
148 .

)

10
73
43
21
04
92
84
80
78
77
77
77
75
71
65
54
38
17
89
54
10
58
95
22
37
40
30
95

Y-Surf
(ft

40.
38.
36.
34.
33.
32.
31.
31.
30.
30.
30.
30.
30.
31.
32.
33.
34.
36.
37.
39.
41.
43.
46 .
48.
51.
54 .
57.
60.

)

00
11
41
91
63
54
67
00
55
31
29
47
87
48
30
33
57
01
66
50
55
78
20
81
59
55
68
00

Circle Center At X = 70.9 ; Y = 147.7 and Radius, 117.4

* * * 1.356 * * *

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5

X-Surf
(ft)

23.85
28.48
33.19
37.96
42 .79

Y-Surf
(ft)

40.00
38.12
36.43
34.95
33.66



6 47.67 32.58
7 52.60 31.70
8 57.55 31.03
9 62.53 30.57

10 67.52 30.32
11 72.52 30.28
12 77.52 30.44
13 82.51 30.81
14 87.47 31.40
15 92.41 32.19
16 97.31 33.18
17 102.16 34.38
18 106.96 35.79
19 111.70 37.39
20 116.37 39.19
21 120.95 41.18
22 125.45 43.36
23 129.85 45.73
24 134.15 48.28
25 138.34 51.01
26 142.41 53.91
27 146.36 56.98
28 149.93 60.00

Circle Center At X = 71.1 ; Y = 149.7 and Radius, 119.4

*** 1.357 ***

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 27.95 40.00
2 32.52 37.97
3 37.18 36.17
4 41.93 34.61
5 46.76 33.29
6 51.64 32.22
7 56.57 31.39
8 61.54 30.82
9 66.53 30.50

10 71.53 30.43
11 76.52 30.61
12 81.51 31.04
13 86 .46 31.73
14 91.37 32.67
15 96.23 33.85
16 101.02 35.27
17 105.74 36.94
18 110.36 38.84
19 114.88 40.98
20 119.29 43.33
21 123.57 45.91



127.72
131.72
135. 57
139.25
140.93

48.71
51.70
54.90
58.29
60.00

22
23
24
25
26

Circle Center At X = 70.4 ; Y = 129.4 and Radius, 98.9

*** 1.358 ***

Failure Surface Specified By 29 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
^ 11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

20.51
25.15
29.85
34 .62
39.45
44 .33
49.25
54 .20
59.17
64.16
69.16
74.16
79.15
84 .12
89. 07
93.99
98.86

103 .69
108.45
113.16
117.79
122.33
126.80
131.16
135.42
139.57
143.61
147.52
149.44

Y-Surf
(ft)

40.00
38.12
36.43
34 .93
33.63
32.53
31.62
30.92
30.42
30.12
30.02
30.13
30.44
30.95
31.67
32.58
33.70
35.01
36.52
38.21
40 . 10
42.18
44.44
46.88
49.49
52.28
55.23
58.34
60.00

Circle Center At X = 69.0 ; Y = 153.0 and Radius, 122.9

*** 1.359 ***

Failure Surface Specified By 26 Coordinate Points
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--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

05-04-00
2:06pm
Martin Brungard
C:SAUGET5.IN
C:SAUGET5.OUT
C:SAUGET5.PLT

PROBLEM DESCRIPTION Solutia Sauget Landfill
-Exterior Slope Static Condition

BOUNDARY COORDINATES

3 Top Boundaries
5 Total Boundaries

Boundary
No.

X-Left
(ft)

Y-Left
(ft)

X-Right
(ft)

Y-Right
(ft)

Soil Type
Below End

1
2
3
4
5

0
30
110
30
0

00
00
00
00
00

40.00
40 .00
60 .00
40.00
30.00

30.00
110.00
150.00
150.00
150.00

40.00
60 .00
60.00
40.00
30.00

3
1
1
3
2



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 120.0 120.0 1000.0 0.0 0.00 0.0 0
2 120.0 120.0 0.0 30.0 0.00 0.0 1
3 120.0 120.0 4 8 0 . 0 0 .0 0 . 0 0 0.0 0



1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point
No.

1
2

X-Water
(ft)

0.00
150.00

Y-Water
(ft)

30.00
30.00



BOUNDARY LOAD(S)

1 Load(s) Specified

Load X-Left X-Right Intensity Deflection
No. (ft) (ft) (Ib/sqft) (deg)

110.00 150.00 200.0 0.0

NOTE - Intensity Is Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,

800 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 40 Points Equally Spaced
Along The Ground Surface Between X = 20.00 ft.

and X = 30.00 ft.

Each Surface Terminates Between X = 120.00 ft.
and X = 150.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.



5.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 29.23 40.00
2 33.73 37.82
3 38.35 35.90
4 43.07 34.25
5 47.88 32.88
6 52.75 31.78
7 57.69 30.96
8 62.66 30.42
9 67.65 30.17

10 72.65 30.20
11 77.64 30.53
12 82.60 31.13 s,
13 87.52 32.02
14 92.39 33.19
15 97.17 34.63
16 101.87 36.35
17 106.46 38.33
18 110.93 40.57
19 115.26 43.07
20 119.45 45.80
21 123.47 48.77
22 127.31 51.97
23 130.97 55.38
24 134.42 59.00
25 135.27 60.00

Circle Center At X = 69.5 ; Y = 117.5 and Radius, 87.4

*** 1.943 ***

Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf ^.
No. (ft) (ft)



1 26.67 40.00
2 31.20 37.88
3 35.83 36.01
4 40.56 34.38
5 45.37 33.02
6 50.25 31.91
7 55.18 31.07
8 60.14 30.50
9 65.13 30.19

10 70.13 30.16
11 75.13 30.39
12 80.10 30.89
13 85.04 31.65
14 89.94 32.68
15 94.77 33.97
16 99.52 35.52
17 104.18 37.33
18 108.74 39.38
19 113.19 41.67
20 117.50 44.20
21 121.67 46.96
22 125.69 49.94
23 129.54 53.13
24 133.21 56.52
25 136.60 60.00

Circle Center At X = 68.3 ; Y = 123.1 and Radius, 93.0

*** 1.956 ***

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 28.21 40.00
2 32.75 37.92
3 37.41 36.09
4 42.15 34.50
5 46.97 33.17
6 51.85 32.09
7 56.78 31.27
8 61.75 30.71
9 66.74 30.41

10 71.74 30.37
11 76.73 30.60
12 81.71 31.09
13 86.65 31.85
14 91.55 32.86
15 96.39 34.12
16 101.15 35.64
17 105.83 37.41
18 110.40 39.42



19
20
21
22
23
24
25
26

114
119
123
127
131
135
138
138

.87

.21

.41

.47

.36

.09

.63

.83

41
44
46
49
52
56
59
60

.68

.16

.87

.79

.92

.26

.79

.00

Circle Center At X = 69.9 ; Y = 125.3 and Radius, 95.0

1.966 ***

Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

X-Surf
(ft

27.
32.
37.
41.
46.
51.
56.
61.
66.
71.
76.
81.
86.
91.
96.

101.
105.
110.
114 .
119.
123.
127.
131.
135.
139.
140.

)

95
52
18
93
76
64
57
54
53
53
52
51
46
37
23
02
74
36
88
29
57
72
72
57
25
93

Y-Surf
(ft

40.
37.
36.
34 .
33 .
32.
31.
30.
30 .
30 .
30.
31.
31.
32 .
33.
35.
36.
38.
40.
43.
45.
48.
51.
54 .
58.
60.

)

00
97
17
61
29
22
39
82
50
43
61
04
73
67
85
27
94
84
98
33
91
71
70
90
29
00

Circle Center At X = 70.4 ; Y = 129.4 and Radius, 98.9

*** 1.976 ***

Failure Surface Specified By 27 Coordinate Points



Point X-Surf Y-Surf
No. (ft) (ft)

1 24.36 40.00
2 28.94 37.98
3 33.60 36.19
4 38.35 34.63
5 43.18 33.31
6 48.06 32.22
7 52.98 31.37
8 57.95 30.76
9 62.93 30.40

10 67.93 30.28
11 72.93 30.40
12 77.92 30.77
13 82.88 31.38
14 87.81 32.23
15 92.68 33.32
16 97.51 34.65
17 102.26 36.21
18 106.92 38.00
19 111.50 40.02
20 115.97 42.26
21 120.33 44.71
22 124.56 47.37
23 128.65 50.24
24 132.60 53.30
25 136.40 56.56
26 140.04 59.99
27 140.04 60.00

Circle Center At X = 67.9 ; Y = 132.7 and Radius, 102.4

*** 1.987 ***

Failure Surface Specified By 27 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 2 5 . 9 0 4 0 . 0 0
2 3 0 . 4 9 38.01
3 35.16 36.25
4 3 9 . 9 2 34.71
5 4 4 . 7 5 33 .40
6 4 9 . 6 3 32.32
7 54.56 31.47
8 59.52 30 .86
9 64 .50 30 .48

10 6 9 . 5 0 30 .35
11 74.50 30 .45
12 7 9 . 4 9 3 0 . 7 9



13 84.46 31.37
14 89.39 32.18
15 94.28 33 .23
16 99.11 34.51
17 103.88 36.01
18 108.57 37.75
19 113.17 39.70
20 117.68 41.87
21 122.07 44.26
22 126.35 46.85
23 130.50 49.64
24 134.51 52.62
25 138.37 55.80
26 142.08 59.15
27 142.94 60.00

Circle Center At X = 69.9 ; Y = 135.3 and Radius, 104.9

*** 1. 988 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 30.00 40.00
2 34.49 37.79
3 39.10 35.87
4 43.83 34.24
5 48.65 32.90
6 53.54 31.87
7 58.49 31.14
8 63.47 30.73
9 68.47 30.62

10 73.46 30.83
11 78.44 31.34
12 83.37 32.17
13 88.24 33.30
14 93.03 34.73
15 97.72 36.46
16 102.29 38.48
17 106.73 40.78
18 111.02 43.35
19 115.14 46.18
20 119.08 49.26
21 122.82 52.59
22 126.34 56.14
23 129.63 59.90
24 129.71 60.00

Circle Center At X = 67.7 ; Y = 110.8 and Radius, 80.2



CO 0s! 0s! 0s! CO 00 00

HH H H 0000



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 05-05-00
Time of Run: 3:28pm
Run By: Martin Brungard
Input Data Filename: C:SAUGET4.IN
Output Filename: C:SAUGET4.OUT
Plotted Output Filename: C:SAUGET4.PLT

PROBLEM DESCRIPTION Solutia Sauget
-2' cover thickness, 12% slope, seismic

BOUNDARY COORDINATES

1 Top Boundaries
3 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 0.00 35.00 180.00 56.60 1
2 10.00 34.20 180.00 54.60 2
3 10.00 34.00 180.00 54.40 1



ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Total Saturated Cohesion Friction Pore Pressure Piez
i - T^ —___,,„„ n^-n at- ant- .Qii-rfs f<



A Horizontal Earthquake Loading Coefficient
Of0.100 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 psf



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

25 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 1.0

Box
No.

1
2

X-Left
(ft)

4 .00
170.00

Y-Left
(ft)

33 .40
53.30

X-Right
(ft)

12.00
178.00

Y-Right
(ft)

34 .34
54.30

Height
(ft)

0.20
0.20



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 1.22 35.15
2 1.50 34.95
3 2.48 34.74
4 3.21 34.06
5 4.05 33.50
6 176.68 54.18
7 177.25 55.00
8 177.93 55.73
9 178.17 56.38

* * * ]_ _ 194 ***



Failure Surface Specified By 9 Coordinate Points

Point X-Surf
No. (ft)

1 8.44
2 9.26
3 10.21
4 11.11
5 11.83
6 176.58
7 177.29
8 177.80
9 178.39

*** 1 . 203 ***

Failure Surface Specified

Point X-Surf
No. (ft)

1 5.52
2 5.90
3 6.79
4 7.77
5 8.65
6 9.63
7 172.21
8 172.69
9 173.40

10 173.97

Y-Surf
(ft)

36.01
35.86
35.54
35.11
34.42
54 .18
54 .89
55.75
56.41

By 10 Coordinate Points

Y-Surf
(ft)

35.66
35.32
34 .88
34.65
34.18
34 .00
53.53
54.40
55.11
55.88

*** 1.213 ***

Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 5.61 35.67
2 6 . 2 9 35.13
3 7.18 34 .67
4 8.16 34.44
5 9 . 0 2 33.94



6
7
8
9

* i

Failure

Point
No.

1
2
3
4
5
6
7
8
9

10
11

170.22
170.89
171.46
172.07

** i. 218 ***

Surface Specified

X-Surf
(ft)

4 .84
4 . 92
5.90
6.61
7.57
8.44

173.61
174 .30
174 . 98
175 . 54
175 .59

53 .35
54 .10
54 .92
55.65

-^tS

By 11 Coordinate Points

Y-Surf
(ft)

35.58
35.55
35.36
34.65
34.38
33.89
53.66
54.38
55.11
55. 94
56 . 07

1.236 ***

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

* * *

X-Surf
(ft)

8 .46
8 . 56
9.39

10.26
11. 03

176 . 04
176.32
176.73
176 . 89

1 .242

Y-Surf
(ft

36.
35.
35.
34.
34 .
54.
55.
55.
56.

***

)
02
97
42
92
28
07
03
95
23

Failure Surface Specified By 10 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
(ft)

7.29
7.38
8.38
9.14

10 .09
10.86

172. 95
173 .27
173.71
173 .88

Y-Surf
(ft)

35.87
35.80
35.78
35.13
34.82
34 .18
53.62
54.57
55.47
55.87

*** 1.251 ***

Failure Surface Specified By 9 Coordinate Points

Point X-Surf
No. (ft)

1 5.88
2 6.59
3 7.42
4 8.14

•— - 5 9.14
6 170.57
7 170.98
8 171.33
9 171.62

*** 1.276 ***

Failure Surface Specified

Point X-Surf
No. (ft)

1 3 .54
2 4 .13
3 4 . 85
4 5.62
5 176.57
6 177.27
7 177.95

_ 8 178.64
9 178.78

Y-Surf
(ft)

35.71
35.34
34 .79
34.10
34.02
53 .42
54 .34
55.28
55.59

By 9 Coordinate Points

Y-Surf
(ft)

35.43
34 .85
34.14
33.51
54.08
54.79
55.52
56.25
56.45



1.278 ***

Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 7 .66 35.92
2 8 . 3 5 35.24
3 9 . 2 3 34.76
4 10.22 3 4 . 6 2
5 11.16 3 4 . 2 8
6 176.03 54 .00
7 176.34 54 .95
8 176.56 55.93
9 176.75 56.21

*** 1.308 ***



Solatia Sauget 2' cover thickness, 12X slope/ seismic
Ten Most Critical. C ISAUGET4.PLT By: Martin Brungard 5-05-00 :28pn

120

90V-ftxis

# FS
1 1.19
2 1.2O

1.21
1.22
1.24
1.24

7 1.25
8 1.28
9 1.28

1.31

3
4
5
6

1O

60

30

70 100 130
PCSTOBL5 FS nin=l

160
19 X-Axis

190 220 250



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 05-04-00
Time of Run: 2:47pm
Run By: Martin Brungard
Input Data Filename: C:SAUGET3.IN
Output Filename: C:SAUGET3.OUT
Plotted Output Filename: C:SAUGET3.PLT

PROBLEM DESCRIPTION Solutia Sauget
-2' cover thickness, 12% slope, static

BOUNDARY COORDINATES

1 Top Boundaries
3 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 0.00 35.00 180.00 56.60 1
2 10.00 34.20 180.00 54.60 2
3 10.00 3 4 . 0 0 180.00 5 4 . 4 0 1



ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Parana. (psf) No.

1 110.0 120.0 300 .0 0.0 0 . 0 0 0.0 0
2 110.0 120.0 0.0 11.0 0 . 0 0 0.0 0



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

25 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 1.0

Box
No.

1
2

X-Left
(ft)

4 .00
170.00

Y-Left
(ft)

33 .40
53.30

X-Right
(ft)

12.00
178.00

Y-Right
(ft)

34.34
54.30

Height
(ft)

0.20
0.20



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

1
1
2
3
4

176
177
177
178

.22

.50

.48

.21

.05

.68

.25

.93

.17

Y-Surf
(ft)

35
34
34
34
33
54
55
55
56

.15

.95

.74

.06

.50

.18

.00

.73

.38

2.203 ***

Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 8.44 36.01



2
3
4
5
6
7
8
9

*

Failure

Point
No.

1
2
3
4
5
6
7
8
9

10

9.26
10.21
11.11
11.83
176.58
177.29
177.80
178.39

** 2.220 ***

Surface Specified

X-Surf Y
(ft)

5.52
5.90
6.79
7.77
8.65
9.63

172.21
172.69
173 .40
173 .97

35.86
35.54
35.11
34 .42
54 .18
54.89 ^̂
55.75
56.41

By 10 Coordinate Points

-Surf
(ft)

35.66
35.32
34 .88
34 .65
34 .18
34 .00
53.53
54 .40
55.11
55.88 ^^

** * 2 .238 ***

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft

5.
6.
7.
8.
9.

170.
170.
171.
172.

)

61
29
18
16
02
22
89
46
07

Y-Surf
(ft

35.
35.
34 .
34.
33 .
53 .
54.
54 .
55.

)

67
13
67
44
94
35
10
92
65

2.246 * * *



Failure Surface Specified By 11 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft

4 .
4 .
5.
6.
7 .
8.

173 .
174 .
174 .
175.
175.

)

84
92
90
61
57
44
61
30
98
54
59

Y-Surf
(ft

35.
35.
35.
34.
34 .
33.
53.
54.
55.
55.
56.

)

58
55
36
65
38
89
66
38
11
94
07

*** 2.280 ***

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

*

Failure

Point
No.

1
2
3

— 4
5
6

X-Surf
(ft)

8.46
8 .56
9.39

10.26
11.03
176 .04
176 .32
176 .73
176.89

** 2 . 291 ***

Surface Specified

X-Surf
(ft)

7.29
7.38
8.38
9.14

10.09
10.86

Y-Surf
(ft)

36.02
35.97
35.42
34 . 92
34.28
54.07
55.03
55.95
56.23

By 10 Coordinate Points

Y-Surf
(ft)

35.87
35.80
35.78
35.13
34 .82
34 .18



7
8
9

10

172.95
173.27
173 .71
173 .88

53.62
54 .57
55.47
55.87

2.307 * **

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

*

Failure

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

5.88
6.59
7.42
8.14
9.14

170.57
170.98
171.33
171.62

** 2.352 ***

Surface Specified

X-Surf
(ft)

3 .54
4 .13
4 .85
5 .62

176 .57
177.27
177.95
178.64
178.78

Y-Surf
(ft)

35.71
35.34
34.79
34 .10
34.02
53 .42
54.34
55.28
55.59

By 9 Coordinate Points

Y-Surf
(ft)

35.43
34 .85
34 .14
33 .51
54.08
54 .79
55.52
56.25
56.45

** * 2.355 * * *

Failure Surface Specified By 9 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)



1
2
3
4
5
6
7
8
9

7
8
9

10
11
176
176
176
176

.66

.35

.23

.22

.16

.03

.34

.56

.75

35.92
35.24
34.76
34.62
34 .28
54.00
54.95
55.93
56.21

*** 2.411 ***



Solutia Sauget 2' cover thickness, 12X slope* static
Ten Most Critical. C :SAUGET3.PLT By: Martin Brungard 5-04-00 :47pm

120

90
V-ftxis

60

30

ft FS
1 2.20
2 2.22
3 2.24
4 2.25
5 2.28
6 2.29
7 2.31
8 2.35
9 2.36
1O 2.41

I
70 100 130 160

PCSTABL5 FS min=2.20 190X-Axis (ft)
220 250



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer~s Method of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

05-04-00
2:14pm
Martin Brungard
C:SAUGET6.IN
C:SAUGET6.OUT
C:SAUGET6.PLT

PROBLEM DESCRIPTION Solutia Sauget Landfill
-Interior Slope Seismic Condition

BOUNDARY COORDINATES

4 Top Boundaries
6 Total Boundaries

Boundary
No.

1
2
3
4
5
6

X-Left
(ft)

0.00
20 .00
63 .50
73.50
20.00
0.00

Y-Left
(ft)

20.00
20.00
34.50
34.50
20.00
16 .00

X-Right
(ft)

20.00
63.50
73 .50
131.00
131.00
131.00

Y-Right
(ft)

20.00
34.50
34.50
20.00
20.00
16.00

Soil Type
Below End

3
1
1
1
3
2



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 120.0 120.0 1000.0 0.0 0.00 0.0 0
2 120.0 120.0 0.0 30.0 0.00 0.0 1



120.0 120.0 480.0 0.0 0.00 0.0



1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 0.00 16 . 00
2 131.00 16.00



BOUNDARY LOAD(S)

1 Load(s) Specified

Load X-Left X-Right Intensity Deflection
No. (ft) (ft) (Ib/sqft) (deg)

1 63 .50 73 .50 2 0 0 . 0 0 .0

NOTE - Intensity Is Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.

A Horizontal Earthquake Loading Coefficient
Of0.100 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 psf



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified

800 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 40 Points Equally Spaced
Along The Ground Surface Between X = 0.00 ft.



and X = 10.00 ft.

Each Surface Terminates Between X = 75.00 ft.
and X = 85.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.

5.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 1.28 20.00
2 5.47 17.26
3 9.89 14.93
4 14.51 13.02
5 19.29 11.56
6 24.19 10.54
7 29.16 9.99
8 34.16 9.91
9 39.14 10.30

10 44.07 11.15
11 48.89 12.45
12 53.58 14.21
13 58.07 16.39
14 62.35 18.99
15 66.36 21.97
16 70.07 25.32
17 73.46 29.00
18 76.48 32.98
19 76.90 33.64

Circle Center At X = 32.5 ; Y = 63.2 and Radius, 53.4

*** 2.091 ***

Failure Surface Specified By 19 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

0.00
4.01
8.28

12.79
17.48
22.31
27.25
32.24
37.24
42 .20
47. 07
51.81
56.38
60.73
64 .83
68.63
72.10
75.21
77.60

Y-Surf
(ft)

20.00
17.01
14.41
12.24
10.52
9.25
8 .45
8 .14
8.30
8.95

10 . 06
11.64
13.68
16.14
19. 00
22 .25
25.85
29.77
33 .47

Circle Center At X = 33.0 Y = 60.0 and Radius, 51.9

* * * 2.096 ** *

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
(ft)

4 .10
8.24

12.64
17.25
22.04
26. 94
31.92
36.92
41. 89
46 .78
51.55
56.14
60.51
64 .62
68.41
71.87
74 . 94
76.55

Y-Surf
(ft)

20.00
17.19
14.81
12.89
11.43
10.46
9.99

10.02
10.55
11.57
13 .08
15.06
17.49
20.35
23.60
27.22
31.16
33 .73



Circle Center At X = 34.1 ; Y = 59.8 and Radius, 49.8

2.097 ***

Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 1.28 2 0 . 0 0
2 5 .45 17.24
3 9 .87 14.90
4 14.50 13.00
5 19.28 11.56
6 24.19 10.58
7 29.16 10.08
8 34.16 10.07
9 39.14 10.54

10 4 4 . 0 5 11.49
11 48.84 12.91
12 53.48 14.78
13 57.91 17.10
14 62.10 19.83
15 6 6 . 0 0 22 .95
16 69 .58 2 6 . 4 4
17 72.81 30.26
18 75.41 34.02

Circle Center At X = 31.8 ; Y = 61.7 and Radius, 51.6

*** 2.097 ***

Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 1.03 20.00
2 5.11 17.11
3 9.44 14.62
4 13.99 12.54
5 18.71 10.89
6 23.56 9.69
7 28.51 8.94
8 33.50 8 .66
9 38.49 8.84

10 43.45 9.48
11 48.33 10.59
12 53.08 12.14



13
14
15
16
17
18
19

57
62
66
70
73
76
79

.67

.05

.19

.05

.60

.81

.03

14
16
19
22
26
29
33

.13

.54

.34

.52

.04

.88

.10

Circle Center At X = 34.0 ; Y = 62.4 and Radius, 53.7

*** 2.099 ***

Failure Surface Specified By 19 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

X-Surf
(ft

2.
6.
10.
14 .
19.
24 .
29.
34 .
39.
44 .
49.
54 .
58.
62 .
66 .
70.
74 .
77.
78.

)

05
11
43
97
69
54
49
49
48
43
28
00
54
85
91
66
07
12
54

Y-Surf
(ft

20.
17.
14.
12 .
10.
9.
8 .
8 .
8 .
9.

10 .
12 .
14 .
17.
20.
23 .
27.
30 .
33 .

)

00
08
56
46
82
63
91
68
92
64
84
50
60
12
05
36
01
97
23

Circle Center At X = 34.4 ; Y = 60.7 and Radius, 52.0

*** 2.099 ***

Failure Surface Specified By 18 Coordinate Points

Point
No.

1
2
3

X-Surf
(ft)

4 .62
8.78

13 .20

Y-Surf
(ft)

20.00
17.23
14 .89
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--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

05-04-00
2:17pm
Martin Brungard
C:SAUGET7.IN
C:SAUGET7.OUT
C:SAUGET7.PLT

PROBLEM DESCRIPTION Solutia Sauget Landfill
-Interior Slope Static Condition

BOUNDARY COORDINATES

4 Top Boundaries
6 Total Boundaries

Boundary
No.

X-Left
(ft)

Y-Left
(ft)

X-Right
(ft)

Y-Right
(ft)

Soil Type
Below End

1
2
3
4
5
6

0.00
20.00
63.50
73.50
20.00
0.00

20 .00
20 .00
34.50
34.50
20.00
16.00

20 . 00
63.50
73.50
131.00
131.00
131.00

20.00
34 .50
34 .50
20.00
20.00
16.00

3
1
1
1
3
2



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Soil
Type
No.

1
2

Total
Unit Wt
(pcf)

120.0
120.0

Saturated
. Unit Wt.

(pcf)

120.0
120.0

Cohesion
Intercept

(psf)

1000.0
0.0

Friction
Angle
(deg)

0.0
30.0

Pore
Pressure
Param.

0.00
0.00

Pressure
Constant

(psf)

0.0
0.0

Piez .
Surface
No.

0
1



o

o

o
o

o
o

o
00

o
(N

O
og



1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 0.00 16.00
2 131.00 16.00



BOUNDARY LOAD(S)

1 Load(s) Specified

Load X-Left X-Right Intensity Deflection
No. (ft) (ft) (Ib/sqft) (deg)

63 .50 73 .50 2 0 0 . 0 0 . 0

NOTE - Intensity Is Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified

800 Trial Surfaces Have Been Generated.

20 Surfaces Initiate From Each Of 40 Points Equally Spaced
Along The Ground Surface Between X = 0.00 ft.

and X = 15.00 ft.

Each Surface Terminates Between X = 65.00 ft.
and X = 80.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.



5.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 10.39 2 0 . 0 0
2 14.55 17.24
3 19.02 14.99
4 23.71 13.27
5 28 .58 12.11
6 33.54 11.52
7 38.54 11.52
8 43.51 12.10
9 48 .37 13.26

10 53 .07 14.98
11 57.53 17.23 s.
12 61.70 19.99
13 65 .52 2 3 . 2 2
14 6 8 . 9 4 2 6 . 8 7
15 71.91 3 0 . 8 9
16 73.91 3 4 . 4 0

Circle Center At X = 36.0 ; Y = 54.2 and Radius, 42.8

*** 2.837 ***

Failure Surface Specified By 17 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 8 . 0 8 2 0 . 0 0
2 12.13 17.07
3 16.49 14.63
4 21.11 12.70
5 25.91 11.30
6 30.84 10.46 ^
7 35.83 10.19
8 4 0 . 8 2 10.48



9
10
11
12
13
14
15
16
17

45
50
55
59
63
67
70
73
74

.74

.54

.14

.49

.53

.22

.49

.31

.76

11
12
14
17
20
23
27
31
34

.35

.76

.72

.18

.12

.51

.29

.42

.18

Circle Center At X = 35.7 ; Y = 54.1 and Radius, 43.9

*** 2.838 ***

Failure Surface Specif

Point
No.

1
2
3
4
5
6

^-^ 7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
(ft)

5.00
9.10

13 .49
18.11
22.91
27.83
32.82
37.82
42.76
47.60
52.26
56 .70
60.87
64.72
68.20
71.27
73 .89
73 .92

ied By 18 Coordinate Points

Y-Surf
(ft)

20.00
17.14
14 .74
12.83
11.43
10.56
10 .23
10.44
11.19
12.48
14 .27
16 .57
19.33
22 .52
26 .11
30.06
34 .32
34 .39

Circle Center At X = 33.4 ; Y = 56.3 and Radius, 46.1

*** 2.839 ***

Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 5.00 20.00
2 9.10 17.13



3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

13
18
22
27
32
37
42
47
52
56
60
64
68
71
74
74

.47

.09

.88

.80

.79

.78

.73

.58

.26

.73

. 93

.82

.34

.47

.15

.41

14
12
11
10
10
10
10
12
13
16
18
22
25
29
33
34

.72

.79

.37

.47

.11

.28

.99

.23

.98

.22

.93

.08

.62

.53

.75

.27

Circle Center At X = 33.7 ; Y = 56.6 and Radius, 46.5

*** 2.839 ***

Failure Surface Specified By

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

X-Surf
(ft)

7.31
11. 57
16 .08
20.79
25.64
30.60
35.60
40 .58
45.50
50.30
54 . 93
59 .34
63 .48
67.30
70.76
73 .83
75.11

17 Coordinate Points

Y-Surf
(ft

20.
17.
15.
13 .
12.
11.
11.
11 .
12.
14 .
16 .
18 .
21.
24.
28.
32.
34.

)
^~S

00
38
22
54
36
69
54
92
81
21
10
46
27
49
10
05
09

Circle Center At X = 34.5 ; Y = 59.5 and Radius, 47.9

*** 2.840

Failure Surface Specified By 17 Coordinate Points



Solatia Sauget Land-fill _ . . _
Ten Most Critical. C :SftUGET7.PLTInterior Slop _ . _ . . _ _ _ _ _

By: Martin Brungard
Stat i c Cond i t i on

5-04-00
100

80

60
V-ftxis

(ft)
40

20

0

# FS
1 2.84
2 2.84
3 2.84
4 2.84
5 2.84
6 2.84
7 2.84
8 2.84
9 2.84
1O 2.84

20 40
PCSTABL5

60
FS nin=2.84

80
X-ftxis

100 120 140



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 05-05-00
Time of Run: 3:31pm
Run By: Martin Brungard
Input Data Filename: C:SOUGET2.IN
Output Filename: C:SOUGET2.OUT
Plotted Output Filename: C:SOUGET2.PLT

PROBLEM DESCRIPTION Solutia Sauget
-2' cover thickness, 3% slope seismic

BOUNDARY COORDINATES

1 Top Boundaries
3 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below End

1 0.00 35.00 180.00 40.40 1
2 10.00 33.30 180.00 38.40 2
3 10.00 33.10 180.00 38.20 1



ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Total Saturated Cohesion Friction Pore Pressure Piez .
Un?t Wt. Unit Wt. Intercept Angle Pressure Constant Surface
(pcf) (pcf) (psf) <deg) Param. (psf) No.No.

1
2

110.0
110.0

120.0
120.0

3 0 0 . 0
0 . 0

0 . 0
11.0

0 .00
0 . 0 0

0 . 0
0 . 0

0
0



A Horizontal Earthquake Loading Coefficient
Of0.100 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 psf



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

25 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 1.0

Box
No.

1
2

X-Left
(ft)

4 . 00
170.00

Y-Left
(ft)

33 .20
38.00

X-Right
(ft)

12.00
178.00

Y-Right
(ft)

33 .40
38.20

Height
(ft)

0.20
0.20



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 5 . 4 2 35.16
2 5.51 35.08
3 6 . 2 9 3 4 . 4 6
4 7.18 34.01
5 8.16 33.77
6 9 . 0 2 33.27
7 170.22 38.03
8 170.79 38.85
9 171.43 3 9 . 6 2

10 171.97 40 .16



*** 2.031 ***

Failure Surface Specified By 10 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10

*

Failure

"-— ' Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf Y
(ft)

7.28
7.44
8.42
9.15
9. 98

10.90
177.96
178.53
179.21
179.42

** 2.047 ***

Surface Specified

X-Surf Y
(ft)

5.27
5. 90
6 .79
7.77
8.65
9 .63

172.21
172 .69
173 .40
173 .86

-Surf
(ft)

35.22
35.10
34 . 90
34.21
33 .66
33 .27
38.27
39.09
39.82
40.38

By 10 Coordinate Points

-Surf
(ft)

35.16
34.60
34 .16
33 .93
33 .46
33.27
38.01
38.88
39.59
40.22

* * * 2.080 * * *

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3

X-Surf
(ft)

4 .68
5.52
6.24

Y-Surf
(ft)

35.14
34 .88
34 .18



4
5
6
7
8
9

*

Failure

Point
No.

1
2
3
4
5
6
7
8
9

7.22
7. 94

176.15
176.36
176.98
177.25

** 2.187 ***

Surface Specified

X-Surf Y
(ft)

6.62
7.23
8 . 03
9.02
9. 79

171.48
172 .10
172.61
172.64

33.98
33.29
38.21
39.19
39.98
40.32 ^

By 9 Coordinate Points

-Surf
(ft)

35.20
34.66
34.06
33.94
33 .30
38 .11
38.89
39.75
40 .18

* ** 2.392 ***

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

* * *

X-Surf
(ft)

2.04
2 .44
3.34
4 .17
4.90

170.05
170 .76
171.08
171.12

2.672

Y-Surf
(ft

35.
34.
34 .
33.
33.
37.
38.
39.
40.

* * *

)
06
83
38
83
14
94
65
60
13

Failure Surface Specified By 10 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
(ft

2.
2.
3 .
4 .
5.
6.

176.
176.
177.
177.

)

64
89
63
61
61
37
27
88
36
73

Y-Surf
(ft

35.
34.
34.
33.
33.
33.
38.
38.
39.
40.

)

08
83
16
95
88
23
10
89
76
33

3.588 ***

Failure Surface Specified By 12 Coordinate Points

Point
No.

1
2
3
4

"— 5
6
7
8
9

10
11
12

*

Failure

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

1.50
1.60
2.51
3.42
4 .36
5.16
6.16

176.17
176 .87
177.56
178 .25
178.33

** 3 .706 ***

Surface Specified

X-Surf
(ft) .

1.73
1.82
2.69
3 .66
4 .40
5.34

175.03

Y-Surf
(ft)

35.04
35.01
34 .61
34.18
33 .85
33.25
33.23
38.11
38.83
39.55
40.27
40.35

By 10 Coordinate Points

Y-Surf
(ft)

35.05
34 . 96
34 .47
34.26
33.58
33.23
38.16



8 175.06 39.16
9 175.74 39.89

10 176.05 40.28

*** 4.556

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft

2 .
2.
3 .
4 .
5.

175.
176.
176.
177.

)

31
94
72
63
47
98
19
89
33

Y-Surf
(ft)

35.07
34 .82
34.19
33.77
33.24
38.10
39.08
39.79
40.32

*** 4.576 ***



Solatia Sauget 2* cover thickness/ 3x slope seismic
Ten Most Critical. C ISOUGETZ.PLT By: Martin Brungard 5-05-00 :31pn

120

90V-ftxis

* FS
1 2.03
2 2.O5
3 2.O8
4 2.19
5 2.39
6 2.67
7 3.59
8 3.71
9 4.56
1O 4.58

60

30

100 130 160
PCSTABL5 FS nin=2.03 X-ftxis 190 220 250



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 05-04-00
Time of Run: 2:45pm
Run By: Martin Brungard
Input Data Filename: C:SOUGET2A.IN
Output Filename: C:SOUGET2A.OUT
Plotted Output Filename: C:SOUGET2A.PLT

PROBLEM DESCRIPTION Solutia Sauget
-2' cover thickness, 3% slope static

BOUNDARY COORDINATES

1 Top Boundaries
3 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 0.00 35.00 180.00 40.40 1
2 10.00 33.30 180.00 38.40 2
3 10.00 33.10 180.00 38.20 1



ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 110.0 120.0 300 .0 0.0 0 . 0 0 0.0 0
2 110.0 120.0 0.0 11.0 0 . 0 0 0.0 0



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

25 Trial Surfaces Have Been Generated.

2 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 1.0

Box
No.

1
2

X-Left
(ft)

4 .00
170 .00

Y-Left
(ft)

33 .20
38.00

X-Right
(ft)

12. 00
178 .00

Y-Right
(ft)

33 .40
38.20

Height
(ft)

0.20
0.20



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 5 .42 35.16
2 5.51 35.08
3 6 . 2 9 3 4 . 4 6
4 7.18 34.01
5 8.16 33.77
6 9 . 0 2 33.27
7 170.22 38.03
8 170.79 38.85
9 171.43 39.62

10 171.97 40 .16

*** 8.817 ***

>

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)



1 7 .28 35.22
2 7 .44 35.10
3 8 . 4 2 3 4 . 9 0
4 9.15 34.21
5 9 . 9 8 33.66
6 10.90 33.27
7 177.96 38.27
8 178.53 39 .09
9 179.21 39.82

10 179.42 40 .38

*** 8 . 8 8 4 ***

Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 5.27 35.16
2 5.90 34.60
3 6.79 34.16
4 7.77 33.93
5 8.65 33.46
6 9.63 33.27
7 172.21 38.01
8 172.69 38.88
9 173.40 39.59

10 173.86 40.22

*** 9.027 ***

Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 4 . 6 8 35.14
2 5 .52 3 4 . 8 8
3 6 . 2 4 34.18
4 7 .22 3 3 . 9 8
5 7 .94 33.29
6 176.15 38.21
7 176.36 39.19
8 176.98 39 .98
9 177.25 4 0 . 3 2

9 .492 ***



Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

6.62
7.23
8.03
9.02
9.79

171.48
172.10
172.61
172.64

Y-Surf
(ft)

35.20
34.66
34.06
33
33
38
38
39

94
30
11
89
75

40.18

* * * 10.376 * * *

Failure Surface Specified By 9 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

* *

Failure

Point
No.

1
2
3
4
5
6

X-Surf
(ft)

2.04
2.44
3.34
4 .17
4.90

170.05
170.76
171.08
171.12

* 11.588

Surface Specif

X-Surf
(ft)

2.64
2.89
3.63
4.61
5.61
6.37

Y-Surf
(ft)

35.06 \— •<
34 .83
34.38
33.83
33.14
37.94
38.65
39 . 60
40.13

***

ied By 10 Coordinate Points

Y-Surf
(ft)

35.08
34.83
34.16
33.95 ^,-
33.88
33 .23



7
8
9

10

176.27
176 .88
177.36
177.73

38.10
38.89
39.76
40.33

*** 15.553 **•*

Failure Surface Specified By 12 Coordinate Points

Point
No.

i_
2
3
4
5
6
7
8
9

10
11
12

^- *

Failure

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

1.50
1.60
2.51
3 .42
4.36
5.16
6.16

176.17
176 . 87
177.56
178.25
178.33

** 16.064 ***

Surface Specified

X-Surf
(ft)

2.31
2.94
3.72
4.63
5.47

175.98
176.19
176.89
177.33

Y-Surf
(ft)

35.04
35.01
34.61
34.18
33.85
33.25
33.23
38.11
38.83
39.55
40 .27
40.35

By 9 Coordinate Points

Y-Surf
(ft)

35.07
34.82
34 .19
33 .77
33.24
38.10
39.08
39.79
40.32

*** 19.836 ***

Failure Surface Specified By 10 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10

X-Surf
(ft

1.
1.
2.
3.
4.
5.

175.
175.
175.
176.

)

73
82
69
66
40
34
03
06
74
05

Y-Surf
(ft

35.
34.
34.
34.
33.
33.
38.
39.
39.
40.

)

05
96
47
26
58
23
16
16
89
28

*** 2 0 . 0 2 3 ***
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APPENDIX C

LINER SYSTEM COMPONENT DESIGN



Gravel Drain Sizing
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ca

6?

Date

Reference

wj

'xS '

<.*c-
—x

o\icr Jv> fbP of

J

(0.

C.I

-- 0

J

U -O.*^ )

"

M/t. 4w



URS Greiner Woodward Clyde Page _ of
Job ^^luxfi-) SMtot̂ -T" ____________ Project No. C-{ Qoco *5ffi- Q° Sheet 2 of

Description (~>r<* s/eT forW *S/g< ___ Computed by /^^^/^^QJ^ Date

Checked bv "?/(( (̂ L^~ Date

,^ni t f r * v e _ l — f /c,4-A rc«^i^ <7s

Gl =

Q - /O

LO

Reference

uf
I

— '

€£<

"5 UJcv€_ <



Pipe Loading



Phillips Driscopipe
2929 N. Central Expwy, #300
Richardson,TX 75080
1-800-527-0662
v-"-'. driscopipe . com

Brriial Calculation

ft0 .+4t

Calculated by
Company
Address

State
Phone
Fax

E-mail

M. Brungard
URS
3676 Hartsfield Rd
Tallahassee

Calculated For
Company
Project

Solutia Sauget

Input Variables were as follows:

Using Driscopipe 1000

SDR =
Burial Depth to Crown of Pipe

Soil Density =
Water Table (feet above crown of pipe) =

Other Loads =
Soil Modulous =

Conservative Long Term Pipe Modulous @ 23 Deg C =

120
0 (
3600 (p*
1000 (•*>'>}
35000

Allowable Ring Deflection @ 1.0% strain
S (A) (Stress in Pipe Wall)

P(T) (Pressure at Crown of Pipe
P(CB) (Critical Buckling Pressure

Calculated Ring Deflection (%)
Crushing Design Safety Factor

Wall Buckling Design Safety Factor
Ring Deflection

Comments :
^

*;< fs<

> '-JV1^ C " \ ° * \J X

7,7oO [>sr - 1(,Jj(j JK*

'rk° Calculations in this program are, to the best of our knowledge correct and
sent various calculations as shown in the Driscopipe Design Manual.
not accept responsibility for the use and/or application of these programs.

Êâ .. project has its own set of variables and conditions. Interpretation of these
variables is important. The user must apply proper engineering when selecting values
for input into these programs.

G? I I*>• U



Sump Sizing
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Access Ramp Stability
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Geotextile Clogging Potential
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Nonwoven Geotextiles - METRIC VALUES
PROPERTY TEST METHOD UNITS VALUE 311 351 401 451 501 601 701 801 1001 1201 1601

MECHANICAL

Grab Tensile Strength

Puncture Strength

Trapezoidal Tear

HYDRAULIC

Apparent Opening Si?e (AOS)

Permittivity

Permeability

Water Flow Rate

ENDURANCE

UV Resistance

ASTM D-4632

ASTMD-4632

ASTM D-4833

ASTMD-3786

•> i-

ASTMD-4751

ASTM D-4491

ASTM D-4491

ASTM D-4491

• ' . - I .-••••''^

ASTMD-4355

N

°

N

L,Dn

N

' ••'''':i':,;-'-O'.

sec '

cm/sec

'?&&%&&
% Retained
@ 500 hrs

* K'. ..." -'. — TTTI —

TYPICAL
MARV

TYPICAL
MARV

TYPICAL
MARV

TYPICAL
MARV

TYPICAL
MARV

..'• ' .*•• •£'•": -. ; --

TYPICAL 1
MARV

TYPICAL
MARV

TYPICAL
MARV

TYPICAL
MARV

,%^^!-:-
MARV

400
355
60
50

265
220
1375
1030
175
130

0150
0.212
2 7 0
2.00
0.29
0.22
6925
4480

••T;' '-'\'f''

70

485
420
60
50

285
240
1430
1270
220
175

0150
0212
2.60
200
0.39
0.25
6110
4480

••.-.._;: v ' - '• :

70

575
510
60
50

330
285
1650
1445
265
220

0150
0.212
2.40
2.00
0.30
0.22
6315
5700

70

600
530
60
50

330
285
1860
1585
265
220
. •• '• • ,

0.150
0.212
2.20
1.50
029
0.22
5500
4885

: *,M-I •'.;•*

70

730
665
60
50

445
375

2275
1930
355
220

0.150
0.212
2.10
1 40
0.28
0.23
5090
4685

?-%•: •ViY'V' J

70

820
710
60
50

465
375

2205
1930
310
265

•:•' .-• '."• •C'H,
0150
0212
1.80
130
0.32
0.24
4885
4480

^W£-
70

930
800
60
50

530
445
2550
2275
400
330

. V-.''.*$S

0150
0212
1 80
1.50
0.38
0.34
5295
4480

•- •"v^rljSI

70

1020
900
60
50

575
485

2685
2410
420
375

0.150
0.180
1.80
1.50
0.48
038
4885
4480

**«IGHpTf

70

i.iiiimn ii

1220
1110
60
50

775
665
3650
3170
530
445

\̂.tl';'.: .'

0106
0.150
1.50
1.20
0.40
030
4480
3460

WM$^
70

1510
1335
60
50

890
775

4410
3995
600
510

0106
0150
1.30
1.00
040
029
3665
3055

';"•' ~v- •' •''''

70

1820 •
1690 H
60 H
50 H

1220 I
1065 M
5790 H
5170 ^

.I55 •
665 •

.. :/.' ': ^m^

0106 •
0150 H
1.00 H
0.70 H
039 •
027 |
2850 1
2035 |

1
STANDARD PACKAGING
Roll Width

Roll Length

Roll Aiea

Measured

Measured

Calculated

meter

meter

m'

TYPICAL

TYPICAL

TYPICAL

3.81/4.57

109.8

418 057
501.66

3.81/4.57

109.8

418 057
501.66

3.81/4.57

109.8

418 057
501 66

3.81/4.57

109.8

418.057
501.66

3.81/4.57

1098

418.057
501.66

381/4.57

91.5

348.387
418.05

3.81/4.57

91.5

348 387
41805

4.57

91.5

41805

———— - ——————

4.57

91.5

41805

4.57

91 5

4 1 8 0 5

4.57

91 5

41805

. Values reported i(
weaker principle
direction.

"MARV" indical
minimum averag
roll value I
calculated as the]
typical minus I
two standard I
deviations.
Statistically, it
yields a 97.7%
degree of
confidence that
any sample takei
during quality
assurance testin
will exceed the
value reported. ,

© 2000 Synthetic
GPD-NW-101

SI Geosolution
Chattanooga, Tennessee USA

(423)899-0444 A (423)^99-7619 (Fax)
www.fixsoi'

Printed in U
5/00-1



f M'.IY

Boring
Sample
Spec
Depth

U.S. Standard Sieve Size

% Gravel
%SAND
% FINES

Particle
Size

(Steve #)
PERCENT FINER

I ION AN) i R! M/\KK

PARTICLE SIZE DISTRIBUTION
Solutla, Cahokia

gray silty CLAY.
gray SILT, trace f. sand

Project No.
23-99STL022 November 2000gray allty CLAY, trace f. sand.

gray-brown f . SAND, some silt trace c-m sand.



Geonet Equivalent Performance
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TENAX
Type: 450 - 600 - 750 - 900
Geonets

TENAX CE geonets are high profile rhomboidal shaped mesh structures made by two sets of overlaid intersecting strands The
intersecting slrands form overlaid sets of continuous deep channels which provide high flow capacity. These geonets are used in waste
disposal and general civil engineering proiects, where a high flow capacity is required.
TENAX CE geonets are manufactured from extrusion of High Density Polyethylene (HOPE), black in color; they are inert to chemical and
biological conditions normally occurnng in soil. Moreover they are treated with special additives to resist UV degradation
TENAX CE geonets are available in a wide range of thicknesses and widths, so as to satisfy any design and installation need

Typical applications
Load distribution, site leveling and mechanical protection of the geomembrane; drainage of the accidental leaks below pnmary; leachale
and ram water collection above primary geomembrane: mechanical protection of the geomembranes when in contact with waste-matenals
and/or soil drainage of liquids and gases present in the soil above and/or below the capping geomembrane

PHYSICAL
CHARACTERISTICS
STRUCTURE
POLYMER TYPE
U V STABILIZER
FOAMING AGENT

CE
450

2 strands
HOPE

carbon black
NO

CE
600

2 strands
HOPE

carbon black
NO

CE
750

2 strands
HOPE

carbon black
NO

CE
900

2 strands
HOPE

carbon black
NO

notes

DIMENSIONAL
CHARACTERISTICS
^H CKNESS as 20 kPa
'HtCKNESS al 200 t<Pa
UN!' WEiGH~
ROLL WID~t-
ROL^ LENGTH
ROL- DIAMETER
RO_ VOLUME
ROLL GROSS WEIGHT

UNIT

mm
mm
o/m'

m
T!

m
rnj

kg

CE
450
4 C
3.8
450
2.3
100
0 7 6
1 4T

103 5

CE
600
^ c

4.2
600
2.3
50

0.56
0 73
69.0

CE
750
5 C
4.8
750
2.3
50

0.58
0 79
863

CE
900
5 5
5 2
900
2 3
50

062
089
103 5

notes

a.c
a c
a. a
a.q
a
a
a
a

TECHNICAL
CHARACTERISTICS
HYDRAULIC FLOW RATE

= 1 av = 20 kPa
.= 1 ov = 100 kPa
' = 1 CTV = 200 kPa
.=1 ov = 500 kPa

TENSILE STRENGTH
ELONGATION AT PEAK

UNIT

m'/ sec
m2/ sec
m1; sec
m'/ sec
kN ' m

%

CE
450

1.18 E-03
1.11 E-03
1.00 E-03
3.84 E-04

4.0
80

CE
600

1 39 E-03
1.31 E-03
1 24 E-03
7 61 E-04

5.0
30

CE
750

1 41 E-03
1 33 E-03
1.26 E-03
9.26 E-04

7 0
30

CE
900

1 44 E-03
1.36 E-03
1.28 E-03
1.09 E-03

90
30

notes

a.b.e
a.b.e
a.b.e
a.b.e
0 D.I

a.b.l

NOTES
.1' ~.p>cai values

ISO 9863
• ISO ~Si^

Man.Technology, Environment.



Typical Hydraulic Characteristics

TENAX CE450
HYDRAULIC FLOW RATE. |m'/i*c|

0 200 400 600 600 1000

COMPRESSIVE STRESS. |kP>]

TENAX CE750
HYDRAULIC FLOW RATE. |m'/s«c)

; HYDRAULIC GRADIENT; : : : : . : :
; •' = 1 00
• — • - 0 50
• ' * . = o 1 0 _ . - • • • - . - - - • • . - • • .

C 200 400 600 BOO 1000

COMPRESSIVE STRESS. (kPa]

TENAX CE600
HYDRAULIC FLOW RATE. |m';i«c|

VOE-01

1.0E-04 i _v.
; HYDRAULIC GRADIENT; : : : : , : :

100
r —i *o so

1 OE-02

0 200 400 600 800 1000
COMPRESSIVE STRESS. [kPa]

TENAX CE900
HYDRAULIC FLOW RATE. |m'/stc| ___

1.0E-03 «J

HYDRAULIC "GRADFE NT; :
-- 1 00

~i * 0 50
•»! = 0 10

1 OE-05 -~ -—' "- •-— - ---- -• —— — - -^ .
0 200 400 600

COMPRESSIVE STRESS [

BOO 100C

TENAX CE

A/VW

TENAX SpA
Geosynthetics Division
Via oeil'lnauslna. 3
-2389" Viqanc iLC) ITALY
~e -391 039 9219307
Fax !-:>?•! 039 9219200
e-rryn gee civ@tenax.nel
'Avi: S le .-.•.•..•..lericivne-

TENAX International B.V.
Geosynthetics Division
Via Ferruccio Pelli 14
CH-6900 Lugano SWITZERLAND
Tel ( + 41 i 091 9242465
Fax (+41)091 9242489
e-mail geoigJtenax en
Web Site A::"A.\vr;i*.rf-;

Man,Technology. Environment.



HDPE Elongation Calculations
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GCL Loading Calculations



URS Greiner Woodward Clyde
job ^oi^v~ca :?(

Description C— OtyXi

Project No. .0°

Page

Sheet

o' __

o' (-

bv
Checked by fi..

Date ///2/°°
Date " ,'3/1^

Reference



URS Greiner Woodward Clyde
/• j J_ O ,. IT-

Job ^J^ILXi t% JA^Q^V "

Description Cp>d (—

Project No. C/oooo^ o^.
Computed bv'
Checked by

Page .

Sheet
of _

of fa
Date ///Z/oo

Dale : y'?;p-
Reference

aBEd!OE6 aon iWd6e: i 00,



URS Greiner Woodward Clyde
Job
Description

Pro)eclNo.

.„ U..U^>

Computed by
Checked by t— . i-i< ,̂

Page ___ of

Sheet $ of

Date ///

Date _!*
Reference

• /it (TO—<ftn.e_



jnt By: URS; 18505741313; 3 N o v ' O O 1:40PM; Job 930;Page 5/7

•w* fc*/"7
*•WAOQ-tCj oA ft-a^-cn

r° I S/

Vt»

'->* s->

-^' ~^arv>AC« !-30. a

o-,

; ,n> > — j ) , ,

JL

«ivj-i

c
- '

W/Tii-* -,

O• ~5x3 I

-a ri

Aq

JO °N

UOI)d|J3S3Q

qor*T fcni

jau/ajg sun



nt By: URS; 18505741313; 3 Nov'OO 1:41PM; Job 930;Page 6/7

j, .o&e-

ffr;: c, Vi>ir>*ff /

—x—'t> «5>-*i
^*

apAtf pJBMpooM J9UI3J3 SUfl





Liner System Stability Analysis
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OCT 19 '00 08=11PM FLINT EQUIPMENT CO. P. 1-1

Maintenance — A$ Required

^PRESSURES

944G, 5<14G TC

Tire Size

14 X 24
15.5 X 25
15.5R x 25

i 1 ^ - 5 x 2 5
T 7 . 5 x 2 5
i7.5Rx25

2 0 . 5 x 2 5
2 0 . 5 x 2 5
2 0 . 5 x 2 5
20.5R x 25

1 23.1 x 26
28 1. x 26

Type Rating

G? 10
L2 12
L2 or L3 Equiv (1) Star

L2 12
L3 12
L2 or L3 Equiv (1) Star

L2 12
L3 12
L3 16
L2 or L3 Fquiv (1) Star

L.S-';
LS-?

10
1/j

kPa

300
380
"Front 415
**Rear 205

Rear, alto
345

Operating Pressure*
bar .

•*Front 345
"'Rear 170

Rear, altci
275
275
345
"Front 205
**Rear 170

Rear, alter
140
170

'Shipping pressure may vary Irom operating pressure
1 i
' "Those rtidial tire pressures are recommended lof optimum traction
I and tiny wear under typicai conditions. It g hirjner rear lire pressure is

used, it should not exceed the a/tomalo pressure listed.

psi

nate 310

natc 275

nate 205

3.8
3.8
4.1
2.0
3.1
3.4
3.4
3.4
1.7
2.8
2.B
2.8
3.4
2.0
1.7
2.0
1.4
1.7

55
55
60
30
45
50
50
50
25 I
40 i
40 i
40
50
30 \
25
30
20
25

>^

Tx.55 JC240 • 1 0-29NOV0J
i -

(

'$>.

•-.,

Y-
:L

'*
f£
^4

Maintenance^As flequ/recf

4. Turn on air supply. Siand to f.c.,iT or rear of tire when
you add air to tire.

Tiro SUo

17.5/6S -20
Typo f Ply Mating

L2 ; 10

Cold Tire kPo

200-230
inflation (bar) | Pro**ur* (p«t)

(2-2-3) rzg-34
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URS Greiner Woodward Clyde
-^CLuTjEL-

Page of

<=,

ProiectNo. CUcrccwo6/.oo

Computed by

Checked by .

Sheet Y of

Date _/:
Date ''

Reference

i.-u =*^.;

-̂ *°

2410

~ O

c . n ^ s . s

(2.



URS Greiner Woodward Clyde
Job to

Description. u Project No. C\oooxo^i. go

Computed by / •

.

Checked by £L

Page .
Sheet

Date

Date

of
of "7

Reference

» «
>c. ̂ g

u-t

/

^^^<=,(oP

.due.

- tr ,_«L. 0<J-

;

U

-i1

o~
Jt

-30'

•̂ x

io



URS Greiner Woodward Clyde
"' iu r i°iJob

Description

Project No

Computed by

Checked by |2.. 1-

Page __ of __
Sheet C? of /

Date

Date

Reference

^ 'Zo t' ) t 2^ izo * (ft y i / 5c

2,

"=*»i.l LO>e^-£. L-~»fcT^[ \ rc-VicJrXi =-

S .
/*~Pr0u'

*

te..-

v. rt'>';« ^



URS Greiner Woodward Clyde Page _ of _
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TC Mirafi. TECHNICAL DA TA SHEET

Mirafi 135N
Mirafi 135N is a nonwoven geotextile composed of polypropylene fibers, which are formed into a
stable network such that the fibers retain their relative position. 135N is inert to biological
degradation and resists naturally encountered chemicals, alkalis, and acids.

Mechanical Properties

Grab Tensile Strength
Grab Tensile Elongation
Trapezoid Tear Strength
Mullen Burst Strength

Puncture Strength
Apparent Opening Size (AOS)

Permittivity
Permeability
Flow Rate

UV Resistance (at 500 hours)

Test Method

ASTM D 4632
ASTM D 4632
ASTM D 4533
ASTM D 3786
ASTM D 4833
ASTM D 4751

ASTM D 4491
ASTM D 4491
ASTM D 4491

ASTM D 4355

Unit

kN (Ibs)
%

kN (Ibs)
kPa (psi)
kN (Ibs)

mm
(U.S. Sieve)

sec"'
cm/sec

l/min/m:

(gal/min/ft:)
% strength

retained

Minimum Average
Roll Value

MD
0.36 (80)

50
0.13(30)

CD
0.36 (80)

50
0.13(30)

1000(145)
0.17(40)

0.300
(50)
2.1

0.23
6336
(155)

70

Physical Properties
Weight

Thickness
Roll Dimensions
(width x length)

Roll Area
Estimated Roll Weight

Test Method
ASTM D 5261
ASTM D 5 199

—

—
-

Unit
g/nr (oz/yd2)

mm (mils)
m

(ft)
nr (yd:)
kg (Ib)

Typical Value
110(3.2)
1.0(40)

3.8 x 110
(12.5x360)
418(500)
55(121)

4.5 x 110
(15x360)
502 (600)
65(144)

DISCLAIMER: TC Mirafi warrants our products to be free from defects in material and workmanship
when delivered to TC Miraff s customers and that our products meet our published specifications.
Contact your local TC Mirafi Representative for detailed product specification and warranty information.

135N.OOC
Revision 3
Dale: MarOl 1. 2000



HELP Evaluation



PROTECTIVE
COVER SOILS

PRIMARY
COLLECTION
SYSTEM

PRIMARY
LINER SYSTEM

SECONDARY
COLLECTION
SYSTEM

SECONDARY
LINER SYSTEM

CAPILLARY
BREAK LAYER

ELEV. VARIES

SUBGRADE

HELP EVALUATION DIAGRAM
CONSTRUCTION CASE

PAGE 1 OF % I

PLACED. DRIED SEDIMENTS Ql

SAND PROTECTION LAYER

NONWOVEN GEOTEXTILE

SAND LAYER (2}

PRIMARY HOPE ̂ (^)
GEOMEMBRANE ^^-^
(60 MIL)
(BOTH SIDES SMOOTH)

TRACKED IN PLACE SOIL (

NONWOVEN GEOTEXTILE

GEONET (Q£)

SECONDARY HOPE (̂ T)
GEOMEMBRANE ^*-S
(60 MIL)
(TEXTURED SIDE FACING GCL)

GEOSYNTHETIC CLAY LINING £*
TRACKED IN PLACE SOIL

NONWOVEN GEOTEXTILE

GRAVEL

COMPACTED FILL
OR SUBGRADE

HELP ANALYSIS LAYER NO.

BOTTOM LINER SYSTEM DETAIL
C1.4C1.6 N.T.8.

NOTES
1. NOT FOR CONSTRUCTION
2. LAYER THICKNESSES SHOWN ARE COMPACTED THICKNESS

PREPARED FOR: SOLUTIA
C/ffSGHC JOB NUMBER; C! 00003899.00

URS Greiner Woodward Clyde
A Onifion of URS Corporation

7850 W. Courtncv ComptMll
Tampa. Florida 33607-1442

Tel: 813.286.1711 Fox: 813.287.8591

Drown.- R HAYKN

U. BRUNGVJD

; C. WAtfTLWD

Dote: OCT. JO, 2000

PROJECT MAC
SOLU71A /WC.

SAUGET AREA 7
DfMtMMG 7TTLC

BOTTOM LINER
SYSTEM DETAIL

FIGURE

4-1



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HE"tP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\DATA4.D4
C:\HELP3\DATA7.D7
C:\HELP3\DATA13.D13
C:\HELP3\DATA11.D11
C:\HELP3\DATA10.D10
C:\HELP3\case2.OUT

TIME: 17: 2 DATE: 2/22/2001

TITLE: Sauget

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 80.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2585 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 18.00 INCHES



POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.4170 VOL/VOL
0.0450 VOL/VOL
0.0180 VOL/VOL
0.1332 VOL/VOL

0.100000005000E-02 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0353 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY =
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
SLOPE
DRAINAGE LENGTH =

5.00000000000 CM/SEC
2.00 PERCENT

275.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06 INCHES
= 0.0000 VOL/VOL

0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

= 0

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 1

199999996000E-12 CM/SEC
0.00 HOLES/ACRE
0.00 HOLES/ACRE

- PERFECT

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS
POROSITY
FIELD CAPACITY =
WILTING POINT
INITIAL SOIL WATER CONTENT =

12.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.2320 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

LAYER 6

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 0.25 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL



WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
SLOPE
DRAINAGE LENGTH

0.0050 VOL/VOL
0.0100 VOL/VOL

5.00000000000 CM/SEC
2 . 00 PERCENT

275.0 FEET

LAYER

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06 INCHES
= 0.0000 VOL/VOL
= 0.0000 VOL/VOL

0.0000 VOL/VOL
0.0000 VOL/VOL

= 0.199999996000E-12 CM/SEC
= 0.00 HOLES/ACRE
= 0.00 HOLES/ACRE
= 1 - PERFECT

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 8

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL

= 0.4000 VOL/VOL
0 .7500 VOL/VOL

= 0.300000003000E-08 CM/SEC

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 6.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

LAYER 10

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21

THICKNESS = 36.00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL



EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

= 0.300000012000 CM/SEC
2.00 PERCENT

275.0 FEET

LAYER 11

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 12.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4630 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

90.20
0.0
1 . 000

20.0
5.214
9.260
2.320
0.000

34.159
34.159
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
ST. LOUIS MISSOURI

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38.45 DEGREES
1.00

98
300

20.0 INCHES
10.40 MPH
73 .00 %
67.00 %
71.00 %
74.00 %

NOTE: PRECIPITATION DATA FOR COLUMBIA
WAS ENTERED FROM THE DEFAULT DATA FILE.

MISSOURI



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

2 8 . 6 0
78 .90

3 3 . 8 0
77 .00

4 3 . 2 0
69.70

56.10
57.90

65 .60
44.60

7 4 . 8 0
3 4 . 2 0

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.45 DEGREES

MONTHLY TOTALS (IN INCHES) FOR YEAR 1974

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH
LAYER 8

LATERAL DRAINAGE COLLECTED
FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH
LAYER 11

3
1

0
0

0
2

0
2

0
0

0
0

0
0

0.
0

0.
0.

.58

.43

.000

.000

.677

.037

.2382

.1501

.0000

.0000

. 0000

. 0000

.0000

. 0000

.0000

.0000

.0000

.0000

2
7

0
0

1
4

0
0

0
0

0
0

0.
0.

0.
0.

0.
0.

.70

.57

.000

.000

.676

.012

.6435

.9906

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0000
0000

3
1
0
0

2
3

1
0

0
0

0
0

0
0

0.
0.

0.
0.

.03

.77

.000

.000

.599

.009

.7824

.6839

.0000

.0000

. 0000

. 0000

.0000

.0000

.ooop

.0000

0000
0000

3
1
0
0

3
1
1
0

0
0

0
0

0.
0

0.
0.

0 .
0.

.55

.20

.000

.000

.260

.337

.8527

.2311

.0000

.0000

. 0000

. 0000

.0000

.0000

.0000

.0000

0000
0000

7
3

0
0

5
1

0
0

0
0

0.
0.

0.
0.

0.
0.

0.
0.

.75

.81

.000

.000

.070

.826

.9871

.5384

.0000

. 0000

.0000

.0000

.0000

.0000

.0000

.0000

0000
0000

5
1
0
0

5
1

0
0

0
0

0 .
0.

0.
0,

0.
0.

0.
0.

.89

.65

.000

.000

.869

.175

.7285

. 5779

.0000

.0000

.0000

.0000

.0000

.0000

0000
0000

0000
0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0
0.

0
0

.004

.034

.002

.009

0
0

0
0

.011

.016

.012

.003

0.
0 .

0
0

.028

.011

.017

. 002

0
0

0
0

.030

.004

.007

.003

0
0

0
0.

.015

.009

.003

.001

0
0.

0
0.

.012

.009

.011

.001



AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 7 0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 7 0.000

AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 11 0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 11 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000 0.000
0.000 C.OOO

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

ANNUAL TOTALS FOR YEAR 1974

INCHES

PRECIPITATION

RUNOFF " ~" "*

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 4

DRAINAGE COLLECTED FROM LAYER 6

PERC . / LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 7

DRAINAGE COLLECTED FROM LAYER 10

PERC . /LEAKAGE THROUGH LAYER 11

AVG. HEAD ON TOP OF LAYER 11

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

43

0

32

11

0

0

0

0

0

0

0

0

-0

36

36

0

0

0

.93

.000

.548

.4042

.000002

.0151

.0000

.000002

.0000

.0000

. 000002

.0000

.022

.943

.920

.000

.000

. 0000

CU . FEET

159465

0

118150

41397

0

0

0

0

0

-81.

134101.

134020.

0.

0.

-0 .

.828

.000

.266

.211

.009

.000

.008

.000

.008

.561

.703

,141

000

000

092

PERCENT

100

0

74.

25

0

0

0

0

0

-0.

0.

0.

0 .

.00

.00

.09

. 96

.00

.00

.00

.00

. 00

.05

00

00

00



MONTHLY TOTALS (IN INCHES) FOR YEAR 1975

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION /LEAKAGE THROUGH
LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/ LEAKAGE THROUGH ""
LAYER 8

LATERAL DRAINAGE COLLECTED
FROM LAYER 10

PERCOLATION/ LEAKAGE THROUGH
LAYER 11

3
0

0
0

0
1

0
0

0
0

0
0.

~0.
0.

0.
0.

0 .
0 .

.38

.55

.000

.000

.666

.582

.2549

.7254

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000
0000

2
8

0
0

0
3

0
0

0
0

0
0

0
0

0
0

0
0

.96

.18

.000

.000

.360

.749

.2092

.3690

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

3
5

0
0

2
4

2
0

0
0.

0.
0.

0.
0.

0.
0.

0.
0.

.23

.60

.000

.000

.016

.578

.2136

.4487

.0000

.0000

.0000

.0000

.0000

.0000

0000
0000

0000
0000

4
2

0
0

3
2

2
0

0
0

0
0

0
0

0
0

0
0

.29

.06

.000

.000

.078

.377

.2225

.9897

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

4
3

0
0

4
1

1
1

0
0

0
0

0
0

0
0

0
0

.00

.57

.000

.000

.464

.670

.5822

.0306

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

3
2

0
0

4
0

1
0

0.
0

0
0.

0 .
0.

0.
0.

0 .
0.

.83

.48

.000

.000

.189

.765

.1852

.7123

.0000

. 0000

.0000

.0000

.0000

.0000

0000
0000

0000
0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

AVERAGE DAILY HEAD ON
TOP OF LAYER 7

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 7

AVERAGE DAILY HEAD ON
TOP OF LAYER 11

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 11

0
0

0
0

0
0

0
0

0.
0

0 .
0 .

.004

.011

.002

.004

.000

.000

.000

.000

.000

.000

000
.000

0
0

0
0

c
0

0
0

0
0 ,

0.
0 .

. 004

.006

.001

.001

.000

.000

.000

.000

. 000

.000

.000
000

0
0

0
0

0
0

0
0

0.
0

0.
0.

.035

.007

.045

.004

.000

. 000

.000

.000

.000

.000

.000

.000

0
0

0
0

0
o
0.
0.

0.
0.

0.
0.

.036

.015

.012

.008

.000

.000

.000

.000

000
000

000
000

0
0

0
0

0
0.

0 .
0.

0.
0.

0.
0.

.025

.017

. 009

.003

.000

.000

.000

.000

000
000

000
000

0
0

0
0

0
0

0.
0.

0.
0.

0 .
0.

.019

. Oil

. 004

.004

. 000

.000

.000

.000

000
000

000
000

ANNUAL TOTALS FOR YEAR 1975

INCHES CU. FEET PERCENT



PRECIPITATION

RUNOFF

EVA POTRAN S P I RAT ION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 4

DRAINAGE COLLECTED FROM LAYER 6

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 7

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 11

AVG. HEAD ON TOP OF LAYER 11

CHANGE IN WATER STORAGE " "

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

44

0

29

11

0

0

0

0

0

0

0

0

2

36

38

0

0

0

.13

.000

.494

.9434

.000003

.0158

.0000

.000002

.0000

.0000

.000002

.0000

.692

.920

.866

.000

.746

.0000

160191

0

107064

43354

0

0

0

0.

0.

9772.

134020.

141083.

0.

2709 .

0 .

. 891

.000

.781

.570

.009

.001

.009

.000

,009

.477

141

391

000

233

051

100

0

66

27

0

0

0

0

0.

6.

0.

1 .
0 .

.00

.00

.84

.06

.00

.00

.00

.00

,00

10

00

69

00

MONTHLY TOTALS (IN INCHES) FOR

JAN/ JUL

PRECIPITATION

RUNOFF

EVA POTRANS P I RAT I ON

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION /LEAKAGE THROUGH
LAYER 4

0
0

0,
0.

0
0,

0
0,

0
0.

. 94

.24

.000

.000

.750

.741

.4457

. 4591

.0000

.0000

FEB/AUG

2
0.

0.
0.

1 .
0.

1
0,

0.
0.

.36

.21

.000
000

403
.212

.3999

. 3410

.0000

.0000

YEAR 1976

MAR/ SEP

4,
0.

0.
0 .

2.
0

1
0.

0
0.

.39

.47

.000

.000

.593

.170

.3827

.2571

. 0000

.0000

APR/OCT

2
6

0
0

3
2

1
0

0
0

.21

. 12

.000

.000

. 378

.086

.5173

.2153

.0000

. 0000

MAY/NOV

3.
0,

0.
0.

3 .
1 .

0.
0,

0.
0.

.68

.88

.000
000

.573

.667

.8385
,2263

.0000

.0000

JUN/DEC

1
0

0.
0 .

2
0.

0
0

0.
0

.79

.59

.000

.000

. 883
47S

.5523

. 1324

. 0000

.0000



LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH
LAYER 8

LATERAL DRAINAGE COLLECTED
FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH
LAYER 11

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR

AVERAGE DAILY HEAD ON 0.007
TOP OF LAYER 4 0.007

STD. DEVIATION OF DAILY 0.007
HEAD ON TOP OF LAYER 4 0.001

AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 7 " "0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 7 0.000

AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 11 0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 11 0.000

DAILY HEADS (INCHES)

0.023 0.022
0.005 0.004

0.009 0.011
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.025
0.003

0.004
0.001

0. 000
0.000

0.000
0.000

0.000
0 . 000

0.000
0 . 000

0
0

0
0

0
0

0.
0.

0.
0.

0.
0.

.013 0.009

.004 0.002

.002 0.001

.001 0.001

.000 0.000

.000 0.000

.000 0.000

.000 0.000

.000 0.000

.000 0.000

,000 0.000
.000 0.000

ANNUAL TOTALS FOR YEAR 1976

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 4

DRAINAGE COLLECTED FROM LAYER 6

PERC . /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 7

DRAINAGE COLLECTED FROM LAYER 10

PERC ./ LEAKAGE THROUGH LAYER 11

INCHES

23.88

0.000

19.942

7.7675

0.000002

0 .0104

0.0000

0.000002

0.0000

0.0000

0.000002

CU . FEET

86684.

0.

72388.

28196.

0.

0 .

0.

0.

0.

406

.000

672

082

009

000

008

000

009

PERCENT

100 .00

0.00

83.51

32.53

0.00

0 .00

0 .00

0.00

0.00



AVG. HEAD

CHANGE IN

SOIL

SOIL

SNOW

SNOW

WATER

WATER

WATER

WATER

ON TOP OF LAYER 11

WATER STORAGE

AT START

AT END OF

AT

AT

ANNUAL WATER

START

END OF

BUDGET

OF YEAR

YEAR

OF YEAR

YEAR

BALANCE

0

-3

3B.

35.

0.

0.

0.

.0000

.829

.866

.746

746

037

.0000

-13900.

141083.

129757.

2709.

134.

-0 .

.345

.391

.461

.233

817

.011

-16.04

3.13

0 . 16

0.00

MONTHLY TOTALS (IN INCHES) FOR YEAR 1977

JAN/JUL FEB/AUG MAR/SEP

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/ LEAKAGE THROUGH
LAYER 8

LATERAL DRAINAGE COLLECTED
FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH
LAYER 11

MONTHLY

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

1
1

0
0

0
3

0
0

0.
0

0
0.

0.
0.

0.
0.

0.
0.

.44

.62

.000

.000

.347

.754

.0156

.7657

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

SUMMARIES FOR

0.
0.
000
012

1
2

0
0

0
1
0
0

0
0

0
0

0
0

0
0

0
0.

.17

.26

.000

.000

.936

.135

.3036

.5649

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

DAILY

0.
0.
.005
.009

3
6

0
0

2
3

0
0

0.
0

0
0.

0.
0.

0.
0.

0.
0.

.70

.66

.000

.000

.330

.967

. 3778

.3979

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0000
0000

APR/OCT

2
3

0
0

3
*>
£.

0
0

0
0

0
o
0
0

0
0.

0.
0.

.52

.68

.000

.000

.471

.194

.3293

.3702

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

MAY/NOV

4
->*»

0
0

3
1

0
0

0
0.

0 .
0.

0.
0 ,

0.
0.

0.
0.

.49

.16

.000

.000

.670

.685

.1328

.3010

.0000

.0000

.0000

.0000

.0000

.0000

0000
.0000

.0000
0000

JUN/DEC

5
1

0
0

4
0

0
1
0
0

0.
0.

0
0

0.
0.

0.
0.

.24

.55

.000

.000

.693

.557

.6209

.3352

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000
0000

HEADS (INCHES)

0.
0.

006
006

0 .
0.
.005
.006

0.
0.

002
005

0.
0.

010
021

STD. DEVIATION OF DAILY 0.001 0.001 0 .002 0. 001 0.002 0.004



HEAD ON TOP OF LAYER 4 0.002 0.001 0.001 0 .001 0 .006 0 . 003

AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 1 0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 1 0.000

AVERAGE DAILY HEAD ON 0.000
TOP OF LAYER 11 0.000

STD. DEVIATION OF DAILY 0.000
HEAD ON TOP OF LAYER 11 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

0.000
0.000

0 .000
0.000

0.000
0 .000

0 .000
0 .000

0.000 0.000
0 . 000 0 . 000

0 . 000 0 .000
0 . 000 0 . 000

0.000 0.000
0.000 0.000

0.000 0.000
0.000 0.000

ANNUAL TOTALS FOR YEAR 1977

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC ./ LEAKAGE THROUGH LAYER 4

AVG . HEAD ON TO? OF LAYER 4

DRAINAGE COLLECTED FROM LAYER 6

PERC . /LEAKAGE THROUGH LAYER 8

AVG . HEAD ON TO? OF LAYER 1

DRAINAGE COLLECTED FROM LAYER 10

PERC ./ LEAKAGE THROUGH LAYER 11

AVG. HEAD ON TOP OF LAYER 11

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

36

0

28

5

0

0

0

0

0

0

0

0

-)£.

35

38

0

0

0

.49

.000

.740

.5149

.000002

.0073

.0000

.000002

.0000

.0000

. 000002

. 0000

.235

.746

.018

.037

. 000

.0000

CU. FEET

132458

0

104326

20019

0

0

0

0

0

8112

129757 .

138005.

134.

0 .

-0 .

.672

.000

. 687

.197

. 008

. 000

.008

. 000

.008

.832

461

109

817

000

062

PERCENT

100.00

0.00

78 .76

15.11

0.00

0 .00

0.00

0 . 00

0 .00

6.12

0. 10

0.00

0.00



MONTHLY TOTALS (IN INCHES) FOR YEAR 1978

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

0.70
4.56

0.000
0.000

0.259
5 .503

0.8385
0.9710

0.0000
0.0000

1.51
2.01

0.000
0.000

0.479
1.262

0.5587
0.6231

0.0000
0.0000

5.50
1.06

0.000
0.000

2 .891
1 .296

0.4321
0.4298

0.0000
0.0000

5 .00
1.78

0.000
0.000

3 .881
1.721

1 .7774
0.3270

0.0000
0.0000

7.57
3.24

0 .000
0.000

5 . 841
1.350

2.5462
0.2478

0.0000
0.0000

2.50
1.64

0 .000
0.000

3 .078
1.099

2 .0197
0.2114

0.0000
0.0000

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH
LAYER 8

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

LATERAL DRAINAGE COLLECTED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FROM LAYER 10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

AVERAGE DAILY HEAD ON
TOP OF LAYER 7

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 7

AVERAGE DAILY HEAD ON
TOP OF LAYER 11

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 11

0
0

0
0

0
0

0
0.

0.
0.

0
0 .

.013

.015

.002

.003

.000

.000

.000

.000

.000

.000

.000
000

0
0

0
0

0
0

0
0.

0.
0 .

0.
0.

.010

.010

.001

.001

.000

.000

.000
000

000
000

000
000

0
0

0
0

0.
0

0.
0.

0.
0.

0.
0 .

. 007

.007

.002

.001

.000

.000

.000

.000

000
000

000
000

0
0

0
0

0
0

0
0

0.
0 .

0 .
0 .

.029

. 005

.021

. 000

. 000

. 000

.000

.000

000
.000

000
000

0
0

0
0

0
0

0.
0.

0.
0.

0.
0 .

.040

.004

.019

.000

.000

.000

.000
000

000
000

000
000

0.033
0.003

0.009
0. 001

0. 000
0. 000

0.000
0.000

0.000
0.000

0 .000
0.000

ANNUAL TOTALS FOR YEAR 1978



INCHES

PRECIPITATION-

RUNOFF

EVAPOTRANSPIRATION1

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 4

DRAINAGE COLLECTED FROM LAYER 6

PERC . /LEAKAGE THROUGH LAYER 8

AVG . HEAD ON TOP OF LAYER 7

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 11

AVG . HEAD ON TOP OF LAYER 1 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

• ANNUAL WATER BUDGET BALANCE

37

0

28

10

0

0

0

0

0

0

0

0

-2

38

35

0

0

0

.07

.000

.659

.9828

.000002

.0146

.0000

.000002

.0000

.0000

.000002

.0000

.572

.018

.446

.000

.000

.0000

CU . FEET

134564

0

104032

39867

0

0.

0

0

0.

-9336.

138005.

128668.

0.

0 .

-0.

.062

.000

.789

.512

.009

.000

.009

.000

.009

.217

. 109

.891

.000

000

033

PERCENT

10Q

0

77

29

0

0

0

0

0

-6.

0

0.

0.

.00

. 00

.31

.63

. 00

.00

.00

.00

.00

.94

.00

.00

.00

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

JAN/JUL

PRECIPITATION

TOTALS

3TD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

2
1

1
1

0.
0.

0.
0 .

.01

.68

.37

.71

.000

.000

000
000

FEB/AUG

2
4.

0
3

0.
0.

0.
0.

.14

.05

.77

.59

.000

.000

000
000

MAR/ SEP

3
3

1
2

0,
0

0
0

.97

.11

.00

.82

.000

.000

.000

.000

1974 THROUGH

APR/OCT

3
2

1
i±

0.
0

0.
0 .

.51

.97

. 17

.99

.000

.000

000
. 000

1978

MAY/NOV

5
2

2
1

0
0.

0
0.

.50

.73

.00

.21

.000

.000

.000

.000

JUN/DEC

3
1

1
0

0
0

0.
0

.85

. 58

.74

.67

.000

.000

.000

.000



EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS ~

0.542 0.971
2.724 2.074

0.223 0.570
1.903 1.700

2.486
2.604

0.329
1.841

3.414
1.943

0.300
0.415

4.524
1 .640

0.958
0.175

4 . 142 S.X-
0. 814

1.225
0.314

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS

STD. DEVIATIONS

PERCOLAT ION / LEAKAGE

TOTALS

STD. DEVIATIONS

0.3586 0.6230
1.0143 0.5777

0.3086 0.4694
0.6606 0.2609

THROUGH LAYER 4

0.0000 0.0000
0.0000 0.0000

0.0000 0.0000
0.0000 0.0000

1.2377
0.4435

0.8152
0.1540

0.0000
0.0000

0.0000
0.0000

1.5398
0.4267

0.7222
0.3214

0.0000
0.0000

0.0000
0.0000

1.2174
0.4688

0.9044
0.3377

0.0000
0.0000

0.0000
0.0000

1.0213
0.5939

0.6103
0 .4804

0.0000
0 . 0000

0.0000
0 .0000

LATERAL DRAINAGE COLLECTED FROH LAYER 6

TOTALS

STD. DEVIATIONS

PERCOLAT ION/ LEAKAGE

TOTALS

STD. DEVIATIONS

0.0000 0.0000
0.0000 0.0000

0.0000 0.0000
0.0000 0.0000

THROUGH LAYER 8

0.0000 0.0000
0.0000 0.0000

0.0000 0.0000
0.0000 0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0. 0000

0.0000
0 .0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0 .0000
0.0000

0.0000
0.0000

0.0000
0 .0000

0.0000
0.0000

0 .0000
0 .0000

0 . 0000
0.0000

0 .0000
0 . 0000

0.0000 N"-^
0.0000

0. 0000
0.0000

LATERAL DRAINAGE COLLECTED FROM LAYER 10

TOTALS

STD. DEVIATIONS

PERCOLATION/ LEAKAGE

TOTALS

STD. DEVIATIONS

0.0000 0.0000
0.0000 0.0000

0.0000 0.0000
0.0000 0.0000

THROUGH LAYER 11

0.0000 0.0000
0.0000 0.0000

0.0000 0.0000
0.0000 0.0000

AVERAGES OF MONTHLY AVERAGED

0. 0000
0.0000

0 .0000
0.0000

0.0000
0.0000

0.0000
0.0000

0 .0000
0 .0000

0 .0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0 .0000

0 .0000
0.0000

0.0000
0.0000

0.0000
0.0000

0 . 0000
0.0000

0 . 0000
0 . 0000

0.0000
0.0000

0 .0000
0.0000

DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 4

AVERAGES 0.0056 0.0106
0.0159 0.0090

0.0194
0 .0072

0 .0249
0 .0067

0.0191
0.0076

0.0165
0.0093 >— •



STD. DEVIATIONS 0
0

DAILY AVERAGE HEAD ON TOP

AVERAGES ^

STD. DEVIATIONS

DAILY AVERAGE HEAD ON TOP

AVERAGES

STD. DEVIATIONS

0
0

0
0

.0048

.0103
0.
0.

OF LAYER

.0000

.0000

.0000

.0000

0.
0.

0.
0.

0078
0041

7

0000
0000

0000
0000

0
0

0
0

0
0

.0128

.0025

.0000

.0000

.0000

.0000

0 .
0 .

0.
0.

0.
0.

0117
0050

0000
0000

0000
0000

0.
0.

0.
0.

0.
0.

0142
0055

0000
0000

0000
0000

C . 0099
0.0075

0.0000
0.0000

0 .0000
0.0000

OF LAYER 11

0
0

0
0

.0000

.0000

.0000

.0000

0.
0.

0.
0.

0000
0000

0000
0000

0
0

0
0

.0000

.0000

.0000

.0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.0000
0.0000

0.0000
0.0000

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

LATERAL DRAINAGE COLLECTED

37

0

27

9

.10

.000

.877

( 8.234)

1974 THROUGH

CU. FEET

( 0.0000)

( 4.7107)

.52257 ( 2.76923)

134673

0

101192

34566

.0

.00

.64

.914

1978

PERCENT

100.00

0.000

75.140

25.66730
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 4

0.00000 ( 0.00000) 0.009 0.00001

AVERAGE HEAD ON TOP
OF LAYER 4

0.013 ( 0.004)

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

0.00000 ( 0.00000) 0.000 0.00000

PERCOLATION/LEAKAGE THROUGH
LAYER 8

0.00000 ( 0.00000) 0.008 0.00001

AVERAGE HEAD ON TOP
OF LAYER 7

0.000 ( 0.000)

LATERAL DRAINAGE COLLECTED
FROM LAYER 10 .

0.00000 ( 0.00000) 0.000 0.00000

PERCOLATION/LEAKAGE THROUGH
LAYER 11

0.00000 ( 0.00000) 0.008 0.00001

AVERAGE HEAD ON TOP
OF LAYER 11

0.000 ( 0.000)

CHANGE IN WATER STORAGE -0.299 ( 2.8755) -1086.56 -0.807



PEAK_ DAILY VALUES FOR YEARS 1974 THROUGH 1978

(INCHES) (CU. FT.)

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ON TOP OF LAYER 4

MAXIMUM HEAD ON TOP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH LAYER 8

AVERAGE HEAD ON TOP OF LAYER 7

MAXIMUM HEAD ON TOP OF LAYER 7

LOCATION OF MAXIMUM HEAD IN LAYER 6
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH LAYER 11

AVERAGE HEAD ON TOP OF LAYER 11

MAXIMUM HEAD ON TOP OF LAYER 11

LOCATION OF MAXIMUM HEAD IN LAYER 10
(DISTANCE FROM DRAIN)

SNOW WATER

3.80

0.000

0.25880

0.000000

0.126

0.247

4.7 FEET

0.00000

0.000000

0.000

0.005

0.0 FEET

0.00000

0.000000

0.000

0.000

0.0 FEET

2.64

13794.000

0.0000

939.45331

0.00005

0.00003

0.00002

0.00000

0.00002

9588.3516

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.4630

0.1160

Maximum heads are computed using McEnroe's equations. '

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.



FINAL WATER

LAYER

1

2

3

4

5

6

7

8

9

10

11

SNOW WATER

STORAGE AT END

(INCHES)

19.2644

2.3180

0.0056

0.0000

2.7840

0.0025

0.0000

0.1875

1.3920

~ 1.1520

5.5560

0.000

OF YEAR 1978

(VOL/VOL)

0

0

0

0

0

0

0

0

0.

0.

0.

.2408

.1288

.0222

.0000

.2320

.0100

.0000

.7500

.2320

0320

4630



HELP EVALUATION DIAGRAM
CLOSED LANDFILL CASE

PAGE 1 OF t£

LANDFILL COVER
SYSTEM

M/\I/M/M/M/\J/\1/\I/

VEGETATED FINAL COVER

-SOIL FOR CD
VEGETATIVE COVER
AND DRAINAGE LAYER

NONWOVEN GEOTEXTILE
GEONET (5)
HOPE GEOMEMBRANE @
(60 MIL)

BENTOMAT @

TRACKED IN PLACE SAND

PLACED AND COMPACTED-^-
4>RIED SEDIMENTS——'—

LEGEND
7} HELP ANALYSIS LAYER NO.

THICKNESSES SHOWN ARE
COMPACTED THICKNESSES NOT FOR CONSTRUCTION

PREPARED FOR: SOLUTIA.
URSGWC JOB NUU8ER: C100003899.00

URS Greiner Woodward Clyde
A Division ol URS Corporation

7650 W. Courtncy Compball Cama>oy
Tompo, norido 33607-1*82

Tel: 813.286.1711 Fox: 813.287.8591

Drown.- W. WEBER

Dewgn: GAffr WAHTUWD

Ch»ckt<t: CART WANTUWL

Dote. JUNE 20. 2000

SOLUTIA INC.
SAUGET AREA 1

DRAWING nn_f

COVER SYSTEM DETAIL

FIGURE

5-2



PROTECTIVE
COVER SOILS

PRIMARY
COLLECTION
SYSTEM

PRIMARY
LINER SYSTEM

SECONDARY
COLLECTION
SYSTEM

SECONDARY
LINER SYSTEM

CAPILLARY
BREAK LAYER

ELEV. VARIES

SUBGRAOE

HELP EVALUATION DIAGRAM
CONSTRUCTION CASE -

PAGE 2 OF 2

PLACED. DRIED SEDIMENTS (&)

SAND PROTECTION LAYER

NONWOVEN GEOTEXTILE

SAND LAYER (?)

PRIMARY HOPE @
GEOMEMBRANE
(60 MIL)
(BOTH SIDES SMOOTH)

TRACKED IN PLACE SOIL (g)

NONWOVEN GEOTEXTILE

GEONET (U|

SECONDARY HOPE (Tj)
GEOMEMBRANE
(60 MIL)
(TEXTURED SIDE FACING GCL)

GEOSYNTHETIC CLAY LINING <Q
TRACKED IN PLACE SOIL <Q)

NONWOVEN GEOTEXTILE

GRAVEL (R)

VX/\X/\X/\> —COMPACTED FILL!
////•///////. OR SUBCRADE

LEGEND
6) HELP ANALYSIS LAYER NO.

BOTTOM LINER SYSTEM DETAIL
C1 .4C1.6 N.T.&

NOTES
1. NOT FOR CONSTRUCTION
2. LAYER THICKNESSES SHOWN ARE COMPACTED THICKNESS

PREPARED FOR: SOLUJtA
l/RSGHC JOB NUMBER: C7000OJ899.00

URS Greiner Woodward Clyde
A Drvicfbn of URS Corporation

7650 W. Courtnov CofnpMI CauMwoy
Tampa. Florida 33807-1 «2

Til: 813.286.1711 Fax: 813.287.8591

Drown: R. HAVDEN

Oa^gn: U. BRUNGARD

Chfdoxl: 0. WAffTLAND

Dote OCT. X. 20OO

PROJECT fMUT
SOLUTW INC.

SAUGEJ AREA 1
DRAWING TTTLf

BOTTOM LINER
SYSTEM DETAIL

FIGURE

4-1
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* *

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

it *

* *

**

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\SAUGETP.D4
C:\HELP3\SAUGETT.D7
C:\HELP3\SAUGETR.D13
C:\HELP3\SAUGETE.Dll
C:\HELP3\SAUGETS.DIO
C:\HELP3\SAUGET.OUT

TIME: 16:21 DATE: 5/ 5/2000

TITLE: SOLUTIA SAUGET LANDFILL

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 24.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2856 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

00



LAYER

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.1193 VOL/VOL

10.0000000000
3.00 PERCENT

340.0 FEET

CM/SEC

LAYER

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06 INCHESTHICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

= 0

= 3

0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

.199999996000E-12 CM/SEC
2.00 HOLES/ACRE
3.00 HOLES/ACRE

- GOOD

LAYER

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.25 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

6.00 INCHES
0.4170 VOL/VOL
0 .0450 VOL/VOL
0 .0180 VOL/VOL
0.0450 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.999999978000E-02 CM/SEC



LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

168.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.2320 VOL/VOL

0.369999994000E-03 CM/SEC

LAYER

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

18.00 INCHES
0.4170 VOL/VOL
0.0450 VOL/VOL
0.0180 VOL/VOL
0.0450 VOL/VOL

0.999999978000E-02 CM/SEC
2.00 PERCENT

275.0 FEET

LAYER 8

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. = 0
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY = 3

0.0000 VOL/VOL
0.0000 VOL/VOL

199999996000E-12 CM/SEC
2.00 HOLES/ACRE
3.00 HOLES/ACRE

- GOOD

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

12 .00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.2320 VOL/VOL

0.369999994000E-03 CM/SEC



LAYER 10

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL

10.0000000000 CM/SEC
2.00 PERCENT

275.0 FEET

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

LAYER 11

TYPE 4 - FLEXIBLE
MATERIAL TEXTURE

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

MEMBRANE LINER
NUMBER 35

0.06 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC
2.00 HOLES/ACRE
3.00 HOLES/ACRE

3 - GOOD

LAYER 12

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

= 0.300000003000E-08 CM/SEC

LAYER 13

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER

6.00
8

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.2320 VOL/VOL

0.369999994000E-03 CM/SEC



LAYER 14

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21

THICKNESS = 36.00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000012000
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 275.0 FEET

CM/SEC

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

LAYER 15

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 8

12.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1160 VOL/VOL
0.4630 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 3.%
AND A SLOPE LENGTH OF 341. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

79
100

2.
20,
5.
9.
2
0 ,

56,
58.
0.

.30

.0

.910

.0

.572

.260

.320

.000

.201
,201
.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES /YEAR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
ST. LOUIS MISSOURI

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38.45 DEGREES
2.00
98

300
20.0 INCHES
10.40 MPH
73.00 %
67.00 %
71.00 %
74.00 %

NOTE:

JAN/JUL

1 .72
3 .63

PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

2 . 14
2 .55

3 .28
2.70

3 .55
2 .32

3 .54
2.53

3 .73
2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

28.60
78 .90

33.80
77.00

43 .20
69.70

56 .10
57 .90

65.60
44 .60

74 .80
34 .20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.45 DEGREES



ANNUAL TOTALS

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

FOR

INC

30

0

27

3

0

0

0

0

0

0

0

0

0

0

0

0

60

60

0

0

0

YEAR 1

HES

.65

.024

.545

.0806

.000001

.0017

.0000

.000001

.0000

.0000

. 000001

.0000

.0000

.000001

. 0000

.000

.985

.985

. 000

.000

.0000

CU. Fl

323765

251

290968

32540

0

0

0

0

0

0

0.

4 .

644200 .

644204 .

0.

0.

0.

GET

.125

.910

.156

.881

.011

.000

.011

.004

.007

.000

.007

.110

. 000

.125

000

000

036

PERCENT

100 .00

0 . 08

89.87

10 .05

0.00

0 .00

0.00

0 . 00

0 .00

0.00

0 .00

0.00

0 .00

0.00

0 .00



ANNUAL TOTALS FOR YEAR 2

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

39

3

27

9

0

0

0

0

0

0.

0 .

0.

0.

0 ,

0.

-1.

60.

59.

0 .

0 .

0.

.59

.480

.592

.8713

.000005

.0191

.0000

.000004

.0000

.0000

. 000001

,0000

0000

.000001

,0000

,353

985

632

,000

000

0000

CU . FEET

418201

36760

291460

104273

0

0

0

0

0

0,

0.

-14294.

644204 ,

629910.

0.

0.

0 ,

.062

.812

.625

.672

.050

.006

.044

.029

.016

,000

.016

,126

,125

.000

.000

,000

030

PERCENT

100.00

8.79

69.69

24 .93

0.00

0.00

0.00

0 .00

0.00

0 .00

0 .00

-3 .42

0.00

0.00

0 .00



ANNUAL TOTALS FOR YEAR 3

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

35

0

27

6

0

0

0

0

0

0

0

0 ,

0.

0.

0.

1 .

59.

60 .

0 .

0.

0.

.44

.344

.070

.7548

.000001

.0039

.0000

.000001

.0000

.0000

.000001

.0000

.0000

. 000001

.0000

272

632

645

000

259

0000

CU. FEET

374363 .

3628.

285946 .

71352.

0.

0.

0 .

0.

0.

0 .

0.

13435.

629910 .

640606 .

0.

2739.

-0 .

.437

731

219

.523

015

000

015

007

008

000

008

970

000

375

000

613

032

PERCENT

100 .00

0.97

76.38

19 .06

0 .00

0.00

0.00

0 .00

0.00

0 . 00

0 . 00

3 .59

0 .00

0.73

0 .00



ANNUAL TOTALS FOR YEAR 4

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

34

0

28

4

0

0

0

0

0

0

0

0

0

0

0

0

60

61

0

0

0

.22

.442

.668

.3833

.000002

.0051

. 0000

.000001

.0000

.0000

.000001

.0000

.0000

.000001

.0000

.727

.645

.219

.259

.412

. 0000

CU. FEET

361476

4664

302832

46302

0

0

0

0

0

0

0

7676

640606

646672

2739

4349

-0

.062

.964

.719

.211

.017

.001

.016

.007

.009

.000

.009

.210

.375

.625

.613

.573

.136

PERCENT

100.00

1.29

83 .78

12 .81

0.00

0.00

0.00

0.00

0 . 00

0.00

0.00

2 .12

0.76

1.20

0 .00



ANNUAL TOTALS FOR YEAR 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

' DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

33

0

30

4

0

0

0

0

0

0

0

0

0

0 .

0.

-1 .

61 .

60.

0.

0.

0 .

.60

.238

.228

.6845

.000002

.0051

.0000

.000002

.0000

.0000

.000001

.0000

.0000

.000001

.0000

.551

.219

.079

412

000

0000

CU. FEET

354926

2519

319310

49484

0

0

0

0

0

0

0

-16387,

646672 .

634634 .

4349 .

0.

0.

.844

.239

.469

.230

.020

. 001

.019

.010

.010

.000

. 010

.256

.625

.937

.573

000

129

PERCENT

100.00

0.71

89.97

13 .94

0.00

0.00

0.00

0 .00

0.00

0 .00

0.00

-4 .62

1 .23

0.00

0 .00



ANNUAL TOTALS FOR YEAR 6

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

' DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC . /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

35

0

28

6

0.

0

0.

0 ,

0

0 ,

0 .

0 .

0 .

0.

0.

-0 .

60.

59.

0.

0.

0 .

.69

.389

.841

.8004

.000002

.0098

.0000

.000002

.0000

.0000

.000001

.0000

0000

000001

0000

340

079

739

000

000

0000

CU. FEET

377004

4107

304651

71834

0

0

0

0

0

0

0

-3589

634634

631045

0

0

0

.250

.287

.875

.617

.025

.002

.023

.012

.011

.000

.011

.630

.937

.312

.000

.000

.064

PERCENT

100.00

1 .09

80.81

19.05

0 .00

0 .00

0.00

0.00

0 .00

0.00

0.00

-0 .95

0 .00

0 . 00

0 .00



ANNUAL TOTALS FOR YEAR 7

INCHES

PRECIPITATION

RUNOFF

E VAPOTRANS P I RAT ION

DRAINAGE COLLECTED FROM LAYER 2

PERC./ LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

28

1

22

4

0

0

0

0

0

0

0

0

0.

0

0

0 .

59.

60 ,

0 .

0.

0 .

.47

.550

.055

.0334

.000001

.0044

.0000

.000001

.0000

.0000

.000001

.0000

.0000

.000001

.0000

.832

.739

.571

.000

000

0000

CU . FEET

300737

16368

232976

42605

0

0

0

0

0

0

0

8786

631045

639831

0

0

-0

.156

.519

.469

.801

.015

.001

.014

.007

.007

.000

.007

.417

.312

.687

. 000

.000

.070

PERCENT

100 .00

5.44

77.47

14 . 17

0.00

0 .00

0.00

0.00

0 .00

0 .00

0.00

2.92

0.00

0.00

0.00



ANNUAL TOTALS FOR YEAR 8

INCHES

PRECIPITATION

RUNOFF

E VAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG . HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

37

0

30

7

0

0

0

0

0

0

0

0

0

0

0

-0

60

60

0

0

0

.71

.534

.167

.3622

.000002

.0050

.0000

.000002

.0000

.0000

.000001

.0000

. 0000

.000001

.0000

.353

.571

.218

.000

.000

.0000

CU. FEET

398342.

5639.

318665.

77769.

0.

0.

0.

0.

0 .

0.

0 .

-3731.

639831.

636100 .

0 .

0.

0.

094

037

687

023

019

001

018

006

012

000

012

713

687

000

000

000

023

PERCENT

100.00

1.42

80.00

19 .52

0.00

0.00

0.00

0.00

0 .00

0.00

0 .00

-0 . 94

0.00

0.00

0.00



ANNUAL TOTAL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC . /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

,S FOR '

INC1

34

3

24

5

0

0

0

0

0

0

0,

0.

0.

0.

0 .

0 .

60.

60 .

0 .

0.

0.

fEAR 9

iES

.95

.241

.835

.8833

.000002

.0104

.0000

.000002

.0000

. 0000

.000001

. 0000

.0000

.000001

,0000

.991

.218

726

000

483

0000

CU. Fl

369187

34231

262335

62146

0

0

0

0

0

0.

0.

10473 .

636100.

641470.

0 .

5102 .

-0.

SET

.344

.441

.969

.891

.026

.003

.023

.014

.009

.000

.009

,118

,000

,937

000

.172

111

PERCENT

100.00

9.27

71.06

16 .83

0.00

0.00

0.00

0.00

0 . 00

0.00

0 .00

2.84

0.00

1.38

0.00



ANNUAL TOTALS

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

FOR

INC

32

1

25

5

0

0

0

0

0

0

0

0

0

0

0

-0

60

60

0

0

0

YEAR 10

'HES

.23

.051

.951

.2335

.000002

.0082

.0000

.000002

.0000

.0000

. 000001

.0000

.0000

.000001

.0000

.005

.726

.860

.483

.345

.0000

CU. F

340455

11100

274127

55283

0

0

0

0

0

0

0

-56

641470

642877

5102

3639

-0

EET

.219

.992

.687

.199

.022

.002

.020

.011

.010

.000

.010

.613

.937

.375

. 172

.115

.100

PERCENT

100.00

3.26

80 .52

16 .24

0.00

0.00

0.00

0 .00

0 .00

0.00

0.00

-0.02

1.50

1.07

0.00



ANNUAL TOTAL

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC . /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

,S FOR 1

INC*

32 .

1.

25.

4 .

0 .

0.

0 .

0.

0.

0.

0.

0.

0.

0.

0 .

0.

60.

60.

0 .

1.

0 .

fEAR 11

IBS

,54

345

917

6166

000004

0170

0000

000003

0000

0000

000001

0000

0000

000001

0000

662

860

669

345

197

0000

CU. F!

343729

14207

273768

48766

0

0

0

0

0 ,

0.

0 ,

6987.

642877.

640864 .

3639 .

12639.

-0.

SET

.750

.578

.187

.336

.039

.006

.033

.026

.007

.000

.007

647

375

187

115

980

025

PERCENT

100.00

4 .13

79.65

14 .19

0.00

0 .00

0 . 00

0.00

0.00

0 . 00

0.00

2 .03

1 .06

3 .68

0.00



ANNUAL TOTALS FOR YEAR 12

INCHES

PRECIPITATION

RUNOFF

E VAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

27

0

26

3

0

0

0

0

0.

0.

0.

0.

0 .

0 .

0 .

-2 .

60.

59.

1 .

0.

0.

.65

.803

.174

.3134

.000002

.0063

.0000

.000002

.0000

.0000

.000001

, 0000

0000

.000001

.0000

640

669

210

197

015

0000

CU. FEET

292075

8482

276484

34999

0

0

0

0

0

0

0

-27891

640864

625454

12639

157

-0

.344

.851

.312

.957

.019

.001

.018

.011

.007

.000

.007

.752

.187

.750

.980

.661

.067

PERCENT

100.00

2.90

94 .66

11.98

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

-9.55

4 .33

0 .05

0 .00



ANNUAL TOTALS FOR YEAR 13

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

27

0

26

0

0

0

0

0

0

0

0

0.

0 ,

0 ,

0 .

0.

59.

59.

0 .

0 .

0 .

.42

.020

.420

.2858

.000000

.0002

. 0000

.000000

.0000

.0000

.000000

.0000

.0000

.000000

.0000

.693

210

898

015

020

0000

CU . FEET

289645

215

279086

3018

0

0

0

0

0

0

0

7324 ,

625454 .

632723 .

157.

213 .

0.

.687

.640

.687

.781

.005

.000

.005

.002

.002

.000

.002

.417

,750

750

661

040

165

PERCENT

100.00

0.07

96.35

1 . 04

0.00

0.00

0.00

0.00

0.00

0 .00

0 .00

2 .53

0.05

0 .07

0.00



ANNUAL TOTALS FOR YEAR 14

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

27

0

22

3

0

0.

0

0

0,

0.

0 .

0.

0 .

0.

0 .

0 .

59.

60 .

0 .

0 .

0.

.75

.399

.685

.8460

.000001

.0021

.0000

.000001

.0000

.0000

. 000001

0000

0000

000001

0000

820

898

704

020

035

0000

CU. FEET

293131

4214

239623

40626

0

0

0

0

0

0

0

8666

632723

641234

213

368

0

.625

.822

.437

.520

.009

.000

.009

.003

.006

.000

.006

.734

.750

.625

.040

.901

.095

PERCENT

100 .00

1.44

81.75

13 . 86

0 .00

0.00

0.00

0.00

0 .00

0 .00

0 .00

2.96

0.07

0.13

0 .00



ANNUAL TOTALS FOR YEAR 15

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG . HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

31

1

25

6

0

0

0

0

0

0

0.

0

0.

0 .

0 .

-1.

60 .

59.

0.

0.

0 .

.54

.570

.083

.0841

.000002

.0089

.0000

.000002

.0000

.0000

.000001

.0000

.0000

. 000001

.0000

.197

704

.542

.035

000

0000

CU. FEET

333166 .

16580.

264957.

64268.

0 .

0 .

0.

0.

0 .

0.

0 .

-12639.

641234 .

628963 .

368 .

0 .

0 .

594

018

844

660

023

002

021

012

008

000

008

977

625

562

901

000

023

PERCENT

100.00

4 . 98

79.53

19.29

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0.00

-3 .79

0 .11

0.00

0.00



ANNUAL TOTALS FOR YEAR 16

INCHES CU. FEET PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC . /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

34

2

27

4

0

0

0

0

0

0

0

0

0

0

0

-0

59

59

0

0

0

.11 360314.187 100.00

.413 25487.684 7.07

.522 290723.000 80.69

.3051 45476.145 12.62

.000002 0.018 0.00

.0059

.0000 0.001 0.00

.000002 0.017 0.00

.0000

.0000 0.009 0.00

.000001 0.008 0.00

. 0000

.0000 0.000 0.00

.000001 0.008 0.00

.0000

.130 -1372.596 -0.38

.542 628963.562

.412 627591.000

.000 0.000 0.00

.000 0.000 0.00

.0000 -0.073 0.00



ANNUAL TOTALS FOR YEAR 17

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

' DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

22

2

18

2

0

0

0

0

0

0

0

0

0

0

0

0.

59,

59.

0.

0 .

0.

.61

.097

.154

.1828

.000001

.0047

.0000

.000001

.0000

.0000

.000000

. 0000

.0000

.000000

.0000

.177

.412

.122

.000

467

0000

CU . FEET

238836

22146

191765

23057

0

0

0

0

0.

0.

0 .

1866 .

627591.

624527 .

0 .

4930.

0 .

.250

.135

.969

.705

.013

.001

.012

.007

.004

.000

.004

,417

.000

187

.000

187

Oil

PERCENT

100 .00

9.27

80.29

9.65

0.00

0.00

0 .00

0.00

0 . 00

0.00

0 .00

0 .78

0 . 00

2.06

0.00



ANNUAL TOTALS FOR YEAR 18

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

' DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

41

2

31

7

0

0

0

0

0

0

0.

0.

0.

0 .

0 .

1 .

59.

60 .

0.

0.

0.

.85

.541

.232

.0407

.000002

. 0090

.0000

.000001

.0000

.0000

.000001

.0000

.0000

. 000001

.0000

.036

.122

.625

467

.000

0000

CU . FEET PERCENT

442074

26839

329914

74373

0

0

0,

0,

0.

0 .

0 .

10946.

624527.

640404 .

4930 .

0 .

0.

.156 100.00

.400 6.07

.156 74.63

.445 16.82

.022 0.00

.001 0.00

.016 0.00

.008 0.00

.007 0.00

000 0.00

007 0.00

^""'

960 2.48

187

375

187 1.12

000 0.00

171 0.00



ANNUAL TOTALS FOR YEAR 19

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

33

0

27

5

0

0

0

0

0

0

0,

0

0 .

0

0 .

-0.

60 .

60 .

0 .

0 .

0.

.48

.897

.777

.0123

.000001

.0027

.0000

.000002

.0000

.0000

.000001

.0000

. 0000

.000001

.0000

.206

.625

.419

, 000

.000

.0000

CU. FEET

353659

9474

293418 .

52946

0

0

0

0.

0.

0 .

0.

-2180.

640404 .

638223 .

0.

0 .

-0.

.250

.285

.875

.508

.014

.001

.018

.008

.010

, 000

.010

.405

,375

937

,000

000

028

PERCENT

100 .00

2.68

82.97

14 . 97

0.00

0 .00

0.00

0.00

0.00

0 . 00

0.00

-0 .62

0.00

0 .00

0.00



ANNUAL TOTALS FOR YEAR 20

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS P I RAT I ON

DRAINAGE COLLECTED FROM LAYER 2

PERC. /LEAKAGE THROUGH LAYER 4

AVG. HEAD ON TOP OF LAYER 3

DRAINAGE COLLECTED FROM LAYER 7

PERC. /LEAKAGE THROUGH LAYER 8

AVG. HEAD ON TOP OF LAYER 8

DRAINAGE COLLECTED FROM LAYER 10

PERC. /LEAKAGE THROUGH LAYER 12

AVG. HEAD ON TOP OF LAYER 11

DRAINAGE COLLECTED FROM LAYER 14

PERC. /LEAKAGE THROUGH LAYER 15

AVG. HEAD ON TOP OF LAYER 15

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

37

0

27

9

0

0

0

0

0

0

0

0

0

0

0

-0

60

60

0

0

0

.65

.692

.836

.2266

.000003

.0122

.0000

.000003

.0000

.0000

.000001

.0000

.0000

.000001

. 0000

.105

.419

.314

.000

.000

. 0000

CU . FEET

397708

7312

294039

97463

0

0

0

0.

0.

0.

0 .

-1106 .

638223 .

637117.

0 .

0.

0.

.281

.188

.187

.133

.031

.002

.029

.017

.012

.000

.012

.402

.937

.562

000

000

118

PERCENT

100.00

1.84

73 .93

24 .51

0 .00

0.00

0 .00

0.00

0.00

0 . 00

0 .00

-0.28

0.00

0.00

0.00



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

1.
3 .

0 .
2.

0.
0.

0 .
0.

0.
3 .

0 .
1.

LATERAL DRAINAGE COLLECTED

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

0.
0.

0.
0 .

49
26

79
07

210
038

312
102

488
446

254
597

FROM

3745
0648

4922
1480

1 THROUGH 20

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

2.
2.

1 .
1.

0.
0 .

0 .
0.

0.
2.

0.
1.

05
50

05
27

405
000

453
000

698
509

439
156

2
2

0
1

0
0

0
0

2
2

0
1

.93

.86

.90

.44

.382

.006

.749

.022

.271

.144

.509

.029

3
2

1
1

0
0

0
0

3
1

0
0

.43

.21

.42

.28

.007

.005

.021

.023

.384

.503

.858

.309

3
2

1
1

0
0

0
0

3
1

1
0

.20

.17

.74

.58

.019

.019

.048

.043

.518

. 100

.060

.367

4.51
2 .34

2 .24
1 .10

0 .093
0.017

0 .208
0.031

4 .759
0 .768

1.463
0.204

LAYER 2

0.
0 .

1 .
0 .

7412
0229

0051
1002

1
0

0
0

.5196

.0108

.8313

.0417

0
0

0
0

.6086

.1243

.5815

.4369

0
0

0
0

.3566

.3407

.6077

.7828

0 .2508
0.7852

0.5925
1 .0015

THROUGH LAYER 4

0.
0 .

0.
0.

LATERAL DRAINAGE COLLECTED

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

0.
0.

0.
0 .

THROUGH

0.
0 .

0.
0.

0000
0000

0000
0000

FROM

0000
0000

0000
0000

0.
0.

0.
0 .

0000
0000

0000
0000

0.
0

0.
0.

.0000

.0000

.0000

.0000

0
0

0
0

.0000

.0000

.0000

. 0000

0 .
0

0 .
0 .

.0000

.0000

.0000

.0000

0.0000
0 .0000

0 . 0000
0.0000

LAYER 7

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

,0000
0000

0000
0000

0
0

0
0

.0000

. 0000

.0000

.0000

0 .
0 .

0 .
0.

0000
0000

0000
0000

0 . 0000
0.0000

0.0000
0 .0000

LAYER 8

0000
0000

0000
0000

0 .
0 .

0.
0.

0000
0000

0000
0000

0.
0 .

0.
0.

0000
0000

0000
0000

0
0

0
0

.0000

.0000

.0000

.0000

0.
0 .

0 .
0.

0000
0000

0000
0000

0 . 0000
0.0000

0.0000
0.0000



LATERAL DRAINAGE COLLECTED FROM LAYER 10

TOTALS

STD. DEVIATIONS

0
0

0
0

.0000

.0000

.0000

.0000

PERCOLATION/LEAKAGE THROUGH LAYER

TOTALS

STD. DEVIATIONS

0
0

0
0

LATERAL DRAINAGE COLLECTED

TOTALS

STD. DEVIATIONS

0
0

0
0

.0000

.0000

.0000

.0000

0 . 0000
0.0000

0.0000
0.0000

12

0 .0000
0 .0000

0 .0000
0 . 0000

0
0

0
0

0
0

0
0

. 0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0
0

0
0

0
0

0
0

.0000

.0000

.0000

.0000

.0000

.0000

. 0000

.0000

0
0

0
0

0
0

0
0

.0000

.0000

.0000

.0000

.0000

. 0000

.0000

.0000

0.
0 .

0 .
0.

0 .
0.

0 .
0.

0000
0000

0000
0000

0000
0000

0000
0000

FROM LAYER 14

.0000

.0000

.0000

.0000

PERCOLATION/LEAKAGE THROUGH LAYER

TOTALS

STD . DEVIATIONS

AVERAGES

DAILY AVERAGE HEAD ON

AVERAGES

STD. DEVIATIONS

DAILY AVERAGE HEAD ON

AVERAGES

STD. DEVIATIONS

DAILY AVERAGE HEAD ON

AVERAGES

STD. DEVIATIONS

0
0

0
0 .

.0000

.0000

.0000

. 0000

0.0000
0 . 0000

0.0000
0.0000

15

0.0000
0.0000

0.0000
0.0000

OF MONTHLY AVERAGED

TOP OF LAYER

0.
0 .

0.
0.

.0024

.0004

.0032
0010

TOP OF LAYER

0.
0.

0 .
0.

0000
0000

0000
0000

TOP OF LAYER

0 .
0 .

0 .
0.

0000
0000

0000
0000

3

0.0202
0.0001

0 .0307
0 .0006

8

0 .0000
0 .0000

0.0000
0 . 0000

11

0 . 0000
0.0000

0.0000
0.0000

0
0

0
0,

0,
0.

0.
0.

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0
0

0
0

0 .
0 .

0 .
0 ,

DAILY HEADS

0.
0.

0.
0 .

0 .
0 .

0 .
0 .

0 .
0.

0.
0 .

0366
0001

0447
0003

0000
0000

0000
0000

0000
0000

0000
0000

0.
0.

0.
0 .

0.
0.

0.
0 .

0 .
0 .

0 .
0 .

.0000

.0000

.0000

.0000

.0000

.0000

.0000
,0000

0
0

0
0

0
0.

0.
0

. 0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0 .
0.

0.
0.

0 .
0 .

0.
0.

0000
0000

0000
0000

0000
0000

0000
0000

( INCHES )

0046
0021

0058
0086

0000
0000

0000
0000

0000
0000

0000
0000

0 .
0.

0 .
0 .

0 .
0 .

0 .
0 .

0 .
0.

0 .
0.

.0029

.0050

.0063

.0137

0000
0000

0000
0000

0000
0000

0000
0000

0 .
0.

0 .
0 .

0 .
0 .

0 .
0 .

0.
0.

0 .
0.

0022
0082

0060
0195

0000
0000

0000
0000

0000
0000

0000
0000



DAILY AVERAGE HEAD ON TOP OF LAYER 15

AVERAGES 0 .
0.

STD. DEVIATIONS 0.
0.

.0000

.0000

.0000

.0000

0
0 .

0,
0.

.0000

.0000

. 0000

.0000

0 ,
0.

0,
0.

,0000
.0000

.0000

.0000

0
0

0.
0.

.0000

.0000

. 0000

.0000

0
0

0 .
0 .

.0000

.0000

.0000

.0000

0.
0.

0.
0

.0000

.0000

.0000

.0000

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 3

LATERAL DRAINAGE COLLECTED
FROM LAYER 7

PERCOLATION/LEAKAGE THROUGH
LAYER 8

AVERAGE HEAD ON TOP
OF LAYER 8

LATERAL DRAINAGE COLLECTED
FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH
LAYER 12

AVERAGE HEAD ON TOP
OF LAYER 11

LATERAL DRAINAGE COLLECTED
FROM LAYER 14

PERCOLATION/LEAKAGE THROUGH
LAYER 15

AVERAGE HEAD ON TOP
OF LAYER 15

32.96 ( 4.646)

1.203 ( 1.0512)

26.588 ( 3.0465)

5.20003 ( 2.28190)

0.00000 ( 0.00000)

0.007 ( 0.005)

0.00000 ( 0.00000)

0.00000 ( 0.00000)

0.000 ( 0.000)

0.00000 ( 0.00000)

0.00000 ( 0.00000)

0.000 ( 0.000)

0.00000 ( 0.00000)

0.00000 { 0.00000)

0.000 ( 0.000)

348140.0

12711.68

280852.87

54929.516

100.00

3 .651

80.672

15.77800

0.021 0.00001

0.002 0.00000

0.019 0.00001

0.011 0.00000

0.008 0.00000

0.000 0.00000

0.008 0.00000

CHANGE IN WATER STORAGE -0.034 ( 1.0117) -354.12 -0.102



PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES)

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ON TOP OF LAYER 3

MAXIMUM HEAD ON TOP OF LAYER 3

LOCATION OF MAXIMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 7

PERCOLATION/LEAKAGE THROUGH LAYER 8

AVERAGE HEAD ON TOP OF LAYER 8

MAXIMUM HEAD ON TOP OF LAYER 8

LOCATION OF MAXIMUM HEAD IN LAYER 7
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 10

PERCOLATION/LEAKAGE THROUGH LAYER 12

AVERAGE HEAD ON TOP OF LAYER 11

MAXIMUM HEAD ON TOP OF LAYER 11

LOCATION OF MAXIMUM HEAD IN LAYER 10
(DISTANCE FROM DRAIN)

DRAINAGE COLLECTED FROM LAYER 14

PERCOLATION/LEAKAGE THROUGH LAYER 15

AVERAGE HEAD ON TOP OF LAYER 15

MAXIMUM HEAD ON TOP OF LAYER 15

LOCATION OF MAXIMUM HEAD IN LAYER 14
(DISTANCE FROM DRAIN)

SNOW WATER

3

1

0

0

2

4

30

0

0

0

0

0

0

0 .

0 .

0,

0.

0.

0 .

0.

0.

0.

2 .

.44

.265

.98498

.000002

.886

.136

.6 FEET

.00000

.000000

.000

.000

. 0 FEET

.00000

.000000

.000

.012

. 0 FEET

.00000

.000000

,000

.000

0 FEET

22

(CU. FT.)

36337.754

13359.7051

10404 .58690

0 .01724

0 .00031

0 . 00113

0. 00103

0 .00007

0.00000

0.00009

23399.3594

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0 .3865

0.1160



Maximum heads are computed using McEnroe's equations. *

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

FINAL WATER

LAYER

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

SNOW WATER

STORAGE AT END

(INCHES)

6 .

0 .

0.

0.

0.

38.

0.

0 .

2 .

0 .

0.

0 .

1 .

1 .

5.

0 .

2002

0125

0000

1875

2700

9760

8100

0000

7840

0025

0000

1875

3920

1520

5560

000

OF YEAR 20

(VOL/VOL)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.2583

.0501

.0000

.7500

.0450

.2320

.0450

.0000

.2320

.0100

.0000

.7500

.2320

.0320

.4630



APPENDIX D

COVER SYSTEM COMPONENT DESIGN



Waste Consolidation
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Run-off Velocity/Sheet Flow
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Quick TR-55 Ver.5.47 S/N:
Executed: 16:27:44 05-08-2000 S:\1999\00026\SAUGET1.TCT

Solutia Sauget Waste Area Peak Flow

Tc COMPUTATIONS FOR: waste

SHEET FLOW (Applicable to Tc only)
Segment ID
Surface description
Manning's roughness coeff., n
Flow length, L (total < or = 300)
Two-yr 24-hr rainfall, P2
Land slope, s

0.8
.007 * (n*L)

T = --------------
0.5 0.4

P2 * s

SHALLOW CONCENTRATED FLOW
Segment ID
Surface (paved or unpaved)?
Flow length, L
Watercourse slope, s

0.5
Avg.V = Csf * (s)
where: Unpaved Csf = 16.1345

Paved Csf = 20.3282

T = L / (3600*V)

graded waste
0.0110

ft 300.0
in 3.280

ft/ft 0.0200

hrs

ft
ft/ft

ft/s

hrs

0.05

0.0
0.0000

0.0000

0.00

= 0.05

= 0.00

CHANNEL FLOW
Segment ID
Cross Sectional Flow Area, a
Wetted perimeter, Pw
Hydraulic radius, r = a/Pw
Channel slope, s
Manning's roughness coeff., n

1.49
2/3

* r *
1/2

V =
n

Flow length, L

T = L / (3600*V)

sq.ft
ft
ft

ft/ft

ft

hrs

0 .00
0.00
0.000
0.0000
0.0000

ft/s 0.0000

0

0.00 = 0.00

TOTAL TIME (hrs) 0.05



Quick TR-55 Version: 5.47 S/N:

>»» GRAPHICAL PEAK DISCHARGE METHOD <

Solutia Sauget Waste Area Peak Flow

CALCULATED
DISK FILE: s:\1999\00026\SAUGETl .GPD

Drainage Area (acres)
Runoff Curve Number (CN)
Time of Concentration, Tc (hrs)
Rainfall Distribution (Type)
Pond and Swamp Areas (%)

Frequency (years)
Rainfall, P, 24-hr (in)

3
90
.05
II
0

Storm

25
6.02

---> 0.0047 sq.mi.

---> 0.0 acres

Storm #2 Storm #3

Initial Abstraction, la (in)
la/p Ratio
Unit Discharge, * qu (csm/in)
Runoff, Q (in)
Pond & Swamp Adjustment Factor

PEAK DISCHARGE, qp (cfs)

0.222
0.037
1191
4.87
1.00

27

0.222
0.000

0
0.00
1.00

0

0.222
0.000

0
0.00
1.00

0

Summary of Computations for qu

la/p
CO
Cl
C2
qu (csm)

#1
#1

la/p #2
CO #2
Cl #2
C2 #2
qu (csm) #2

qu (csm)

0.100
2.553
-0.615
-0.164

1190.884

0.100
2.553
-0.615
-0.164

1190.884

1191

0.000
0.000
0 .000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0

* Interpolated for computed la/p ratio (between la/p #1 & la/p #2)
If computed la/p exceeds la/p limits, bounding limit for la/p is used.

log(qu) = CO + ( Cl * log(Tc) ) + ( C2 * (log(Tc)) )
qp (cfs) = qu(csm) * Area(sq.mi.) * Q(in.) * (Pond & Swamp Adj.)



Cover System Stormwater Control
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Outlet Channel Design
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460 FLOOOPLAIN HYDRAULK

TABLE 7.1
Values of Roughness Coefficient n in

Manning's formula

1 •*

NATURE OF SURFACE

Closed Conduits
Neat cement surface
Wood-stave pipe
Plank flumes, planed
Vitrified sewer pipe

• Metal flumes, smooth
Concrete, precast
Cement mortar surfaces
Plank flumes, unplaned
Common clay drainage tile
Concrete, monolithic
Brick with cement mortar
Cast iron
Cement rubble surfaces
Riveted steel
Canals and ditches, smooth earth
Metal flumes, corrugated

Canals
Dredged in earth, smooth
In rock cuts, smooth
Rough beds and weeds on sides
Rock cuts, jagged and irregular

Natural Streams
Smooth and straight
Rough weeds and stones
Very weedy, deep pools

Floodplains
Pasture
Brush
Trees
Dense willows
Cleared with stumps
Heavy timber

MIN

0.010
0.010
0.010
0.010
0.011
0.011
0.011
0.011
0.011
0.012
0.012
0.013
0.017
0.017
0.017
0.022

0.025
0.025
0.025
0.035

0.025
0.045
0.075

0.025
0.035

0.11
0.03
0.08

n

MAX

0.013
0.013
0.014
0.017
0.015
0.013
0.015
0.015
0.017
0.016
0.017
0.017
0.030
0.020
0.025
0.030

0.033
0.035
0.040
0.045

0.033
0.060
0.150

0.05
0.16

0.20
0.05
0.12



DESIGN OF CHANNELS FOR UNIFORM FLOW 185

RETARDANCE*

of i ance

Very high
High
Moderate
Low
Very low

High
Moderate
Low
Low
Very low

ble velocity of flow in a
>t severe erosion in the
,ible velocities for differ-
itions, recommended on
m Service, are shown in

iss for the channel lining
the plant will grow and

le hydraulic viewpoint,
isidered. In general, a
ming. On steep slopes,
zu, w'll develop channel-

fc ing. For slopes
ited^s^d-forming grasses,
and smooth brome, are
occurs. Because of the
•asses, the top portion of
asses that do not spread
ablishment of the lining,
:ommended. Sometimes
,il permanent covers by
in channels may be con-
develop channeled flow,

if grass for channel lining
mined from the condition
i. During the period of

establishment, the grass will grow and the channel will be stabilized under
a condition of low degree of retardance. The channel will not reach its
maximum capacity until the grass cover is fully developed and well
established. Therefore, it is suggested that the hydraulic design of a
grassed channel consist of two stages. The first stage (A) is to design
the channel for stability, that is, to determine the channel dimensions
under the condition of a lower degree of retardance. The second stage

TABLE 7-6. PERMISSIBLE VELOCITIES FOR CHANNELS LINED WITH GRASS*

Cover

Bermuda grass

Buffalo grass, Kentucky bluegrass,
smooth brome, blue grama

Grass mixture

Slope range,
%

0-5
5-10
>10

0-5
5-10
>10

0-5
5-10

Permissible velocity, fps

Erosion-resistant
soils

8
7
6

7
6
5

5
4

Easily eroded
soils

6
5
4

5
4
3

4
3

Do not use on slopes steeper than 10%

Lespedeza sericea, weeping love
grass, ischaemum (yellow blue-
stem), kudzu, alfalfa, crabgrass

Annuals—used on mild slopes or as
temporary protection until per-
manent covers are established,
common lespedeza, Sudan grass

0-5 I 3.5 I 2.5
Do not use on slopes steeper than 5%, except for
side slopes in a combination channel

0-5 3.5 | 2.5
Use on slopes steeper than 5% is not recom-
mended

REMARKS. The values apply to average, uniform stands of each type of cover.
Use velocities exceeding 5 fps only where good covers and proper maintenance can be
obtained.

* U.S. Soil Conservation Service [41].

(B) is to review the design for maximum capacity, that is, to determine
the increase in depth of flow necessary to maintain a maximum capacity
under the condition of a higher degree of retardance. For instance, if
common lespedeza is selected as the grass for lining, the common lespedeza
of low vegetal retardance (green, average length 4.5 in.) is used for the
first stage in design. Then, in the second stage, the common lespedeza
of moderate vegetal retardance (green, uncut, average length 11 in.)
should be used. Finally, a proper freeboard is added to the computed



TABLE 6-31

PERMISSIBLE DESIGN VELOCITIES

Cover

Bermuda

Tall Fescue
Bahia

Grass-legume mixtures

Sericea lespedeza
Annuals4 -

Small grains (rye, millet)
Rye grass

Stone center

PERMISSIBLE VELOCITY1

Slope
range

(percent)

0-5
5-10
over 10

0-5
5-10
over 10

0-5
5-1 02

0-53

All

Erosion
Resistant

Soils5

(ft./sec.)

6
5
4

5
4
3

5
4

3.5

Easily
Eroded
Soils6

(ft ./sec.)

5
4
3

5
4
3

4
3

2.5

(as determined by stone size from Rp section)

1 Use velocities exceeding 5 feet per second only where good covers and proper maintenance can be obtained.
2 Do not use on slopes steeper than 10 percent except for vegetated side slopes in combination with a stone,

concrete, or highly resistant vegetative center section.
3 Do not use on slopes steeper than 5 percent except for vegetated side slopes in combinalion with a stone,

concrete, or highly resistant vegetative center section.
4 Annuals - use on mild slopes or as temporary protection until permanent covers are established.
5 Erosion resistant soils include those with a higher clay content and high plasticity. Typical soil textures are silty

clay, sandy clay, and clay.
6 Easily erodible soils include those with a high content of fine sand or lower plasticity. Typical soil textures are

fine sand, silt, sandy loam, and silty loam.

GaSWCC 6-160
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Manning's Equation Output
From ACAD Land Development

Channel Calculator

Shape
Solve for
Flowrate
Slope
Manning's n
Height
Bottom Width
Left Slope
Right Slope

Depth of Flow
Velocity
Full Flowrate
Area
Perimeter
Flow Area
Flow Perimeter
Hydraulic Radius
Top Width
Flow Condition

Given Input Data:
Trapezoidal
Depth of Flow

51.0000 cfs
0.0040 ft/ft
0.0250

24.0000 in
24.0000 in

0.2500 ft/ft (V/H)
0.3333 ft/ft (V/H)

Computed Results:
20.7989 in
3.6477 fps

71.5070 cfs
18.0006 ft2

198.8560 in
13.9813 ft2

175.5336 in
11.4697 in

169.5982 in
Subcritical



Cover System Stormwater Control
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FEB-21-2001 14:22 I DOT BUREAU BRI DGES8.STRUC 217 782 7960 P.01/02

RAINFAU. INTENSITY v». DURATION

SOUTHWEST ILLINOIS

LS.W.S. BULLETIN-70

UltTlIi lUCMf I *W

2.44 0.4*1 J.M 0.22 1.3* <J.U> 4J* <4.«l 124 tS.22)
LSI U.M) l.n 0.341 2.27 II.ij) U4 t2.ro
t.17 <UI> 1.22 Cl.MI 1.44 (l.iO 1.71 I1.M1 2.1* 0.11) 2.42 12.411 -
!.« («.BJ «.|7 !UQ4I 1.02 tl.JU »J7 (1.91 U4T U;4f) 1.7J 11.79 *
4v42 (MW 4.B 14.42) 4.tl tt.TM 1.77 I4.7M !.«• Jl.tW l.fS 11.43) -

RETURN PERIOD
(Years)

Utii lirkw Effitt tr MUM

* St. Louis Urban Effect
for Madison County

* I • ? I t tO
0.1 r s > :

DURATION
Figure 4-202d

Page 8



URS Greiner Woodward Clyde
Job So(u7-|t» of

Description. C— -O U g.

Page __ of
Project No. CLo6Co38?f.oo Sheet
Computed by /**• <Jt~Ut*t>^r-c\_ Date

Checked by *ff.'// LukCa*- Date
Reference

Turfo '̂.
'

/

p

9C_

J-cr̂

.C S / -
Q/C

/ ^>

Ok-



URS Greiner Woodward Clyde
T i<>job

Description. Cc

Project No

Computed by /*/, ^A

Checked by

Page __ of
Sheet _IL of

Date
Date

Reference

2L
\

f



URS Greiner Woodward Clyde
Job

Description

Page __ of
Project No. (^/oooOlSTf.oo Sheet ^ of
Computed by sW,/£r« «a«»'̂ >C_ Date
Checked by ~?,t/L£bJr- Date T

Reference
L tf»A

v.__X

-U

U

COSC
i

e/j^-^ oT r /ot-»



c c c

m*hiita
r-'A^I--» O ? ' 0 • '; s fa i

rvl £ ' ...p/U^o

t*&,

%-

rf^n
fj V , P v -x«? O ? V. ^ 5 ^

rh,^
#iXt~^3 t r -^* ' '• 5 >

?
j* '»:£
^ --^?

*
>^~- .

I



Flumes A, B and F
Flumes A. B. D and F
Flumes A,
Flumes A, B and F
Flumes E
Flumes A
Flumes A. B and F
Flumes A and F
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•3
=
90
ki



Quick TR-55 Ver.5.47 S/N:
Executed: 15:27:16 05-12-2000 s:\1999\00026\SAUGET2.TCT

Solutia Sauget Containment Cell
Cover System Run Off

Tc COMPUTATIONS FOR: Grassed

SHEET FLOW (Applicable to Tc only)
Segment ID
Surface description
Manning's roughness coeff., n
Flow length, L (total < or = 300)
Two-yr 24-hr rainfall, P2
Land slope, s

0.8
.007 * (n*L)

T = --------------
0.5 0.4

P2 * s

SHALLOW CONCENTRATED FLOW
Segment ID
Surface (paved or unpaved)?
Flow length, L
Watercourse slope, s

0.5
Avg.V = Csf * (s)
where: Unpaved Csf = 16.1345

Paved Csf = 20.3282

T = L / (3600*V)

Grassed
0.1500

ft 300.0
in 3.280

ft/ft

hrs

ft
ft/ft

0.0500

0.27

0.0
0.0000

ft/s 0.0000

0.27

hrs 0.00 = 0.00

CHANNEL FLOW
Segment ID
Cross Sectional Flow Area, a
Wetted perimeter, Pw
Hydraulic radius, r = a/Pw
Channel slope, s
Manning's roughness coeff., n

1.49
2/3
r *

1/2
s

V =
n

Flow length, L

T = L / (3600*V)

sq.ft
ft
ft

ft/ft

ft

hrs

3.93
13.60
0.289
0.0100
0.0320

ft/s 2.0352

700

0.10 = 0.10

TOTAL TIME (hrs) 0.36



Quick TR-55 Version: 5.47 S/N:

»>» GRAPHICAL PEAK DISCHARGE METHOD

Solutia Sauget Containment Cell
Cover System Run Off

CALCULATED
DISK FILE: S:\1999\00026\SAUGET2 .GPD

Drainage Area (acres) 2.91 --->
Runoff Curve Number (CN) 80
Time of Concentration,Tc (hrs) .36
Rainfall Distribution (Type) II
Pond and Swamp Areas (%) 0

Storm #1

0.0045 sq.mi.

•> 0.0 acres

Storm #2 Storm #3

Frequency (years) 25 50
Rainfall, P, 24-hr (in) 6.02 7.07

100
8.21

Initial Abstraction, la (in)
la/p Ratio
Unit Discharge, * qu (csm/in)
Runoff, Q (in)
Pond & Swamp Adjustment Factor

PEAK DISCHARGE, qp (cfs)

0.500
0.083
622
3.80
1.00

11

0.500
0.071
622

4.76
1.00

13

0.500
0.061
622

5.82
1.00

16

Summary of Computations for qu

la/p
CO
Cl
C2
qu (csm)

la/p
CO
Cl
C2

#1
#1
#1
#1
#1

#2
#2
#2
#2

qu (csm) #2

* qu (csm)

0.100
2.553
-0.615
-0.164
622.107

0.100
2.553
-0.615
-0.164
622.107

622

0.100
2.553
-0.615
-0.164
622.107

0.100
2.553
-0.615
-0.164
622.107

622

0.100
2.553
-0.615
-0.164
622.107

0.100
2.553
-0.615
-0.164
622.107

622

* Interpolated for computed la/p ratio (between la/p #1 & la/p #2)
If computed la/p exceeds la/p limits, bounding limit for la/p is used.

log(qu) = CO + ( Cl * log(Tc) ) + ( C2 * (log(Tc)) )
qp (cfs) = qu(csm) * Area(sq.mi.) * Q(in.) * (Pond & Swamp Adj.)



Downchute
Worksheet for Rectangular Channel

Project Description
Project File
Worksheet
Flow Element
Method
Solve For

c:\haestad\fmw\sauget.fm2
Solutia Sauget Containment RectChute
Rectangular Channel
Manning's Formula
Channel Slope_______________

Input Data
Mannings Coefficient
Depth
Bottom Width
Discharge__________

0.015
0.38 ft
2.00 ft

16.00 cfs

Results
Channel Slope
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow is supercritical.

0.2521 15 ft/ft
0.76 ft2
2.76 ft
2.00 ft
1.26 ft
0.008996 ft/ft

21 .05 ft/s
6.89 ft
7.27 ft
6.02

05/12/00
03:46:54 PM Haestad Methods, Inc.

Woodward-Clyde Consultants
37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v5.07
Page 1 of 1



Downchute entrance
Worksheet for Rectangular Channel

Project Descnption
Project File
Worksheet
Flow Element
Method
Solve For

c:\haestad\fmw\sauget.fm2
Solutia Sauget DnChute Entrance
Rectangular Channel
Manning's Formula
Channel Slope__________

Input Data
Mannings Coefficient
Depth
Bottom Width
Discharge______

0.015
0.52 ft
3.00 ft

16.00 cfs

Results
Channel Slope
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow is supercritical.

0.038123 ft/ft
1.56 ft2
4.04 ft
3.00 ft
0.96 ft
0.006428 ftffi

10.26 ft/s
1.63 ft
2.15 ft
2.51

05/12/00
03:46:30 PM Haestad Methods, Inc.

Woodward-Clyde Consultants
37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v5.07
Page 1 of 1



Swale w/ 3:1 side and 5% side
Worksheet for Triangular Channel

Project Descnption
Project File
Worksheet
Flow Element
Method
Solve For

c:\haestad\fmw\sauget.fm2
Solutia Sauget Containment Cell Swales
Triangular Channel
Manning's Formula
Channel Depth __________

Input Data
Mannings Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Discharge______

0.032
0.010000 ft/ft
3.000000 H : V

20.000000 H : V
8.00 cfs

Results
Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow is subcritical.

0.58
3.93

13.56
13.45
0.50
0.024004
2.03
0.06
0.65
0.66

ft
ft2
ft
ft
ft
ft/ft
ft/s
ft
ft

05/12/00
03:29.47 PM Haestad Methods, Inc.

Woodward-Clyde Consultants
37 Brookside Road Waterbury. CT 06708 (203) 755-1666

FlowMaster v5.07
Page 1 of 1



Run-off Velocity/Sheet Flow
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Quick TR-55 Ver.5.47 S/N:
Executed: 16:27:44 05-08-2000 S:\1999\00026\SAUGET1.TCT

Solutia Sauget Waste Area Peak Flow

Tc COMPUTATIONS FOR: waste

SHEET FLOW (Applicable to Tc only)
Segment ID
Surface description
Manning's roughness coeff., n
Flow length, L (total < or = 300i
Two-yr 24-hr rainfall, P2
Land slope, s

0.8
.007 * (n*L)

T = --------------
0.5 0.4

P2 * s

SHALLOW CONCENTRATED FLOW
Segment ID
Surface (paved or unpaved)?
Flow length, L
Watercourse slope, s

0.5
Avg.V = Csf * (s)
where: Unpaved Csf = 16.1345

Paved Csf = 20.3282

T = L / (3600*V)

graded waste
0.0110

ft 300.0
in 3.280

ft/ft 0.0200

hrs

ft
ft/ft

ft/s

hrs

0 . 05

0.0
0.0000

0.0000

0 . 00

= 0.05

= 0.00

CHANNEL FLOW
Segment ID
Cross Sectional Flow Area, a
Wetted perimeter, Pw
Hydraulic radius, r = a/Pw
Channel slope, s
Manning's roughness coeff., n

1.49
2/3
r *

1/2

V =
n

Flow length, L

T = L / (3600*V)

sq.ft
ft
ft

ft/ft

0.00
0.00
0.000

0.00.00
0.0000

ft/s 0.0000

ft 0

hrs 0.00 = 0.00

TOTAL TIME (hrs) 0 . 0 E>>



Quick TR-55 Version: 5.47 S/N:

»»> GRAPHICAL PEAK DISCHARGE METHOD <

Solutia Sauget Waste Area Peak Flow

CALCULATED
DISK FILE: s:\1999\00026\SAUGETl .GPD

Drainage Area (acres)
Runoff Curve Number (CN)
Time of Concentration,Tc (hrs)
Rainfall Distribution (Type)
Pond and Swamp Areas (%)

Frequency (years)
Rainfall, P, 24-hr

3
90
.05
II
0

Storm #1

25
6.02

---> 0 . 0047 sq.mi.

---> 0.0 acres

Storm #2 Storm #3

Initial Abstraction, la (in)
la/p
Unit

Ratio
Discharge , * qu (csm/in)

0
0

Runoff, Q (in)
Pond

PEAK

& Swamp Adj

DISCHARGE,

ustment Factor

qp (cfs)

.222

.037
1191
4 .87
1.00

27

0
0
.222
.000

0
0 .00
1.00

0

0
0
.222
.000

0
0.00
1.00

0

Summary of Computations for qu

la/p
CO
Cl
C2
qu (csm)

la/p
CO
Cl
C2
qu (csm)

#1
#1
#1
#1
#1

#2
#2
#2
#2
#2

0
2

-0
-0

1190

0
2

-0
-0

1190

.100

.553

.615

.164

.884

.100

.553

.615

.164

.884

0
0
0
0
0

0
0
0
0
0

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

0
0
0
0
0

0
0
0
0
0

. 000

.000

.000

.000

.000

.000

.000

.000

.000

. 000

qu (csm) 1191

Interpolated for computed la/p ratio (between la/p #1 & la/p #2)
If computed la/p exceeds la/p limits, bounding limit for la/p is used

log(qu) = CO + ( Cl * log(Tc) )
qp (cfs) = qu(csm) * Area(sq.mi.

+ ( C2 *
* Q(in.

;iog(Tc)) )
* (Pond & Swamp Adj.



Waste Consolidation
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APPENDIX E

TECHNICAL SPECIFICATIONS
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CONSTRUCTION
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575 Maryville Centre Drive
St. Louis, MO 63141

Prepared by:

URS
7650 West Courtney Campbell Causeway
Tampa, Florida 33607-1462
C100004051.00

April 2, 2001 Revision 1
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SECTION 01010

SUMMARY OF WORK



SECTION 01010

SUMMARY OF WORK

PART 1 GENERAL

1.0 SECTION INCLUDES

A. Background Information

B. General Requirements

C. Summary of Work

1.1 BACKGROUND INFORMATION

A, Solutia plans to construct a 500-foot (ft) by 500-ft TSCA landfill located in
Cahokia, Illinois. This landfill will have a design capacity of 50,000 cubic yards.
This landfill will contain non-native sediments and soils from in and adjacent to
Dead Creek.

B. A containment cell will be constructed under this contract to contain non-native
sediments and soils from in and adjacent to Dead Creek. The cell will consist of a
double liner system and a cover system. The cover system consists of, from top to
bottom, the following layers: vegetative cover, cover soil, geotextile, geonet,
geomembrane, geosynthetic clay liners and tracked in-place fill. The double liner
system will consists of, from top to bottom, the following layers: geotextile, sand
drainage layer, primary geomembrane. tracked in-place soil, geotextile, geonet,
secondary geomembrane. geosynthetic clay liner, capillary break ground layer,
tracked in-place soil and subgrade.

1.2 GENERAL REQUIREMENTS

A. Authority of Construction Manager

1. The work will be reviewed, observed and inspected by the on-site
Construction Manager in accordance with the contract. Plans,
Specifications, the Construction Quality Assurance Manual for Installation
of Geosynthetic Components and the Construction Quality Assurance
Manual for Installation of Soil Components of the Lining and Final Cover
Systems. The Construction Manager will decide all questions which may

Summary of Work Revision 2 04/02/01
01010-1 .,-.,—,„...»..-.„.,-,..„..„„.....>.,,..,.



arise as to the quality or acceptability of materials furnished and work
performed: the manner of performance and rate of progress of the work:
the interpretations of the Drawings and Specifications and the acceptable
fulfillment of the contract on the part of the Contractor. Construction
Manager's decisions will be final and binding.

B. Conformity with Drawings and Specifications

1. All work performed and all materials furnished shall be in conformity with
the lines, grades, cross sections, dimensions, details, gradations, physical,
and chemical characteristics of materials in accordance with tolerances
shown on the Drawings required by the Specifications. Construction
tolerances and accuracy limits will be as defined in the respective items of
the contract or if not defined, as determined by the Construction Manager.

2. It is the responsibility of the Contractor to verify all quantities of materials
shown on the Drawings before ordering same, as payment is provided for
acceptable materials complete in place. The Contractor will not be paid
for material rejected due to improper fabrication, excess quantity or for
any other reasons within his control.

3. In the event the Construction Manager finds that the work performed or
the materials used are not within conformity with the Drawings and
Specifications, the affected material or product shall be removed and
replaced or otherwise satisfactorily corrected by and at the expense of the
Contractor.

4. Any deviations from the Plans, Specifications and approved Shop
Drawings will be made only with the approval of the Construction
Manager and with the concurrence of the Designer. All requests for
variance or modification shall be by written communication from the
Contractor to the Construction Manager.

5. The Specifications accompanying the Drawings are essential parts of the
contract and a requirement occurring in one is as binding as though
occurring in all. They are intended to be cooperative and to describe and
provide for a complete work. In cases of disagreement, dimensions
provided on figures shall govern over scaled dimensions. Drawings shall
govern over Specifications, and addenda shall govern over both
Specifications and Drawings.

Summary of Work Revision 2 04/02/01
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C. Cooperation of Contractor

1. The Contractor shall designate, to the Construction Manager in writing,
the name of a Superintendent, employed by the firm, regardless of how
much of the work may be sublet. The Superintendent shall be cooperative,
responsible and competent, English speaking, authorized to receive orders
and to act for the Contractor. The Superintendent will be on-site and
available at all times during construction of the perimeter containment
levee, lining and final cover systems, and all appurtenant work. In the
event a competent superintendent is not available, the Construction
Manager may suspend work at no additional cost to the Owner until one is
available.

D. Removal of Defective and Unauthorized Work

1. All work which has been rejected as being in nonconformance with the
Drawings and Specifications shall be remedied or removed and replaced in
an acceptable manner by the Contractor at his expense. Work done
beyond the lines and grades given or as shown on the plans, or any extra
work done without written authority will be considered as unauthorized
and done at the expense of the Contractor and will not be paid for. Work
so done may be ordered removed at the Contractor's expense. Upon
failure on the part of the Contractor to comply with any order of the
Construction Manager made under the provisions of this paragraph, the
Construction Manager will have authority to cause defective work to be
remedied or removed and replaced and unauthorized work to be removed
and the cost thereof may be deducted from any moneys due or to become
due to the contractor.

E. Protection of Adjoining Property

1. The Contractor shall take proper measures to protect the adjacent or
adjoining property which might be injured by any process of construction,
and, in case of any injury or damage resulting from any act or omission on
the part of or on behalf of the Contractor, he shall restore at his own
expense the damaged property to a condition similar or equal to that
existing before such injury or damage was done, or he shall make good
such injury or damage in an acceptable manner.

F. Contractor's Responsibility for Work

1. Until final written acceptance of the project by the Construction Manager,
the Contractor shall have the charge and care thereof and shall take every
precaution against injury or damage to any part thereof by the action of the
elements or from any other cause, whether arising from the execution or

Summary of Work Revision 2 04/02/01
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from the nonexecution of the work. The Contractor shall rebuild, repair,
restore, and make good all injuries or damages to any portion of the work
occasioned by any of the above causes before final acceptance and shall
bear the expense thereof which are a portion of the work, not damaged by
the Contractor or his operations, except for damage to the work due to
Acts of God (force majeure) such as earthquake, tidal wave, tornado,
hurricane, or other cataclysmic phenomena of nature or acts of
governmental authorities. In case of suspension of work for any cause, the
Contractor shall be responsible for the preservation of all materials. He
shall provide suitable drainage and shall erect temporary structures where
required.

G. Work Near Electrical Power Lines

1. Any operations by the Contractor which are located near any electrical
power lines shall be accomplished using established industry and utili ty
safety practices. The Contractor shall consult with the appropriate utility
company prior to beginning any such work. All associated costs wil l be
the responsibility of the Contractor.

H. Workers and Equipment

1. The Contractor shall furnish such suitable machinery, equipment, and
construction forces as may be necessary, in the opinion of the Construction
Manager, for the proper prosecution of the work. Construction Manager
may require the Contractor to provide additional resources to maintain the
project schedule. Construction Manager may suspend the work until his
requests are complied with.

2. All workers employed by the Contractor shall have such skill and
experience as will enable them to properly perform the duties assigned.
Any person employed by the Contractor or a subcontractor who, in the
opinion of the Construction Manager, does not perform his work in a
proper and skillful manner, or who is disrespectful, intemperate, disorderly
or otherwise objectionable, shall at a written request of the Construction
Manager be forthwith discharged and shall not be employed again on any
of the work without written consent of the Construction Manager.

3. Contractor and all employees, subcontractors, supporting firms and
incidental labor shall meet the minimum safety requirements for Solutia's
Pensacola Plant.

Summary of Work Revision 2 04/02/01
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SECTION 01050

CONSTRUCTION SURVEY



• Place gravel drains

• Install vegetated cover on cover system and slopes

• Grade berms to accommodate drainage

• Construct downlet structures

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

Not used.

END OF SECTION 01010

Summary of Work Revision 2 04/02/01
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Final Clean Up

Upon completion of the work and before acceptance and final payment is
made, the Contractor shall clean, remove rubbish and temporary structures
from the site, restore in an acceptable manner all property which has been
damaged during the prosecution of the work and leave the site of the work
in a neat and presentable condition throughout.

J. Final Inspection

Whenever the work provided for in, and contemplated under, the contract
has been satisfactorily completed (with the exception of any performance
periods) and the final clean up performed, the Contractor shall notify in
writing to the Construction Manager to make the "Final Inspection". Such
inspection will be made as soon as possible, but not longer than (10) days
after such notification. After such final inspection, if the work is found to
be satisfactory (with the exception of any performance periods), the
Contractor will be notified in writing of the acceptance of same. The
"Final Acceptance" will not release the Contractor from responsibility for
all items, materials, or equipment requiring performance test periods or
final measurements unless otherwise shown in the contract.

1.3 SUMMARY OF WORK

A. General

1. The Contractor shall work closely and communicate regularly with the
Owner in order to minimize conflicts and expedite the completion of the
work. The Construction Manager serves as the Owner's representative.

2. All equipment and materials on-site during the work will be the
responsibility of the Contractor. The Owner shall not be responsible for
theft, vandalism or damage to any of the equipment or materials.

3. Contractor shall be required to prepare and adhere to a Quality Control
Plan for field installation, as approved by the Construction Manager.

4. Contractor shall select and pay for an independent laboratory(ies) as
required for testing soil and geosynthetic materials.

5. Contractor shall adhere to all health and safety requirements as identified
in the Site Health and Safety Plan and as required by Plant and Solutia
corporate safety requirements.

Summary of Work Revision 2 04/02/01
URS 01010-5 .,.,.«. ,„..-..„„,,,.,,-„»„.,_,.,,.,....,,„,„,



6. Contractor shall prepare and submit for approval by the Construction
Manager all Work Plans, Safety Plans, and Construction Plans as required
by these Specifications.

B. Work Covered by Contract Documents

1. Work of this Contract comprises the construction of a composite synthetic
double lined disposal cell and final cover system designed in accordance with
the requirements of the U.S. Environmental Protection Agency and the
Illinois Environmental Protection Agency for Solutia Inc.

2. Principal Work Items to be performed by Contractor:

• Mobilization to site

• Site preparation to include clear and grub, borrow area development,
erosion control, haul road development and stormwater management
measures.

• Perimeter berm construction

• Construct capillary break ground layer and sump

• Install geotextile for separation

• Construct tracked in-place soil layer over geotextile fabric layer

• Install geosynthetic clay liner

• Secondary geomembrane installation

• Secondary leachate collection system installation including sumps and
riser pipes

• Construct tracked in place soil layer on bottom

• Install primary geomembrane layer

• Construct primary leachate collection system drainage layer, sumps and
riser pipes

• Install geotextile or primary collection system

• Place sand protective layer

• Place non-native sediments and selected soils adjacent to Dead Creek
into cell (by others)

• Install cover system geosynthetics

• Construct perimeter toe drain

• Place cover and drainage layer soils

Summary of Work Re vision 2 04/02/01
URS 01010-6 .—— „....,...,.,,.....„..,..„,.,.„..,...,„..



3.3 SURVEY REQUIREMENTS

A. Contractor shall reference survey and site reference points to permanent benchmarks
and record locations of survey control points, with horizontal and vertical data, on
Project Record Documents.

B. Contractor shall establish lines and levels, locate and lay out by instrumentation and
similar appropriate means:

1. Site features to be constructed including necessary stakes for cut. fil l ,
placement, and grading operations and stakes for slopes.

2. Grid along perimeter of cell work area to facilitate Contractor quality control
activities.

C. Contractor shall verify layouts periodically during construction by same means.

3.4 SURVEYS FOR CONTRACTOR QUALITY CONTROL

A. Contractor shall perform surveys to determine as-built elevations of all cell
components as required by the Specifications and the Contractor's Quality Control
Plan and shall notify the Construction Manager prior to starting the work.

B. Contractor's field superintendent shall sign Surveyor's field notes or shall keep
duplicate field notes and shall provide copies of same to the Construction Manager.

3.5 SURVEYS FOR MEASUREMENTS AND PAYMENT

A. Contractor shall perform surveys to determine percent of completed work including
surveys to establish measurement reference lines. Contractor shall notify the
Construction Manager prior to starting the survey.

B. Surveys shall be conducted after establishing a grid system sufficiently close between
grid lines to determine the measured quantity. Grid spacings shall not be greater than
50 ft for determination of volume calculations, unless otherwise approved by the
Construction Manager.

Construction Surveys Revision 1 04/02/01
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C. Contractor's field superintendent shall sign Surveyor's field notes and shall keep
duplicate copy of field notes and shall calculate and certify quantities for progress
payment purposes.

END OF SECTION 01050

Construction Surveys Revision 1 04/02/01
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SECTION 01050

CONSTRUCTION SURVEY

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Surveying Services

B. Surveys for Contractor Quality Control Program

C. Surveys for Measurements and Payment

D. Site Reference Points as Shown in the Plans

1.2 RELATED SECTIONS

A. Section 01010- Summary of Work

1.3 DEFINITIONS

A. Land Surveyor: Surveyor shall be a registered land surveyor in the State of Illinois
and acceptable to the Construction Manager.

B. Record Documents: All information collected by Surveyor.

1.4 SUBMITTALS

A. Contractor shall submit name, address, and telephone number of Surveyor to the
Construction Manager before starting survey work.

B. On request of the Construction Manager, Contractor shall submit documentation
verifying accuracy of survey work.

C. Contractor shall submit certificate signed by Surveyor certifying that elevations.and
locations of site constructed features are in conformance, or non-conformance, with
Contract Documents.

Construction Surveys Revision 1 04/02/01
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1.5 PROJECT RECORD DOCUMENTS

A. Contractor shall maintain on site a complete, accurate log of control and survey work
as it progresses.

B. Upon completion of the work or as requested by the Construction Manager,
Contractor shall submit Record Documents to the Construction Manager.

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

3.1 INSPECTION

A. Contractor shall verify locations of site reference and survey control points prior to
starting work. Contractor shall promptly notify the Construction Manager of any
discrepancies discovered.

3.2 SURVEY REFERENCE POINTS

A. Contractor shall utilize the information represented in the design drawings (Sheet
Cl . l ) and documents to establish and install survey control and permanent reference
points.

B. Contractor shall protect survey control points prior to starting sitework and preserve
permanent reference points during construction. Contractor shall not relocate site
reference points without prior written approval by the Construction Manager.

C. Contractor shall promptly report to the Construction Manager the loss, damage, or
destruction of any reference point or relocation required because of changes in grades
or other reasons. Contractor shall replace dislocated survey control points based on
original survey control at no cost to the Owner.

D. Contractor shall install and maintain temporary benchmarks located near the work
site in a location free of potential vehicular traffic. Contractor shall determine
horizontal coordinates of the benchmark to an accuracy of ±0.25 ft relative to the site
coordinate system and the elevation to an accuracy of ±0.1 ft NGVD (National
Geodetic Vertical Datum, 1929).

Construction Surveys Revision 1 04/02/01
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SECTION 02100

EROSION CONTROL

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Furnish labor, equipment and materials as specified herein to erect, maintain and
remove a temporary sediment barrier or equivalent attached to supporting posts and
entrenched.

B. Contractor shall be responsible for prevention of runoff from site causing erosion
products to be deposited at locations outside the limits of the work.

C. Contractor shall collect eroded materials from their off-site locations and return these
to the site.

D. Contractor shall be responsible for repairing and restoring erosion which occurred
during construction to original conditions.

1.2 SUBMITTALS

A. Contractor shall prepare an Erosion and Sediment Control Plan that is in accordance
with the standards and requirements of the Illinois Environmental Protection Agency.

B. Contractor shall submit this Erosion and Sediment Control Plan for approval by the
Construction Manager.

1.3 LOCATIONS FOR USE

A. Below disturbed areas where sheet and/or fill erosion may occur.

B. At locations hydraulically downgradient of site construction activities and at
locations indicated on the Plans.

C. At locations selected by the Construction Manager to prevent sediment migration.

Erosion Control Revision 1 04/02/01
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PART 2 PRODUCTS

2.1 MATERIALS

A. Geotextile (filter) shall be a pervious sheet of propylene, nylon, polyester or
ethylene yam.

B. Geotextile (filter) shall contain ultraviolet ray inhibitors and stabilizers to provide a
minimum of 6 months of expected usable exposed life at a temperature range of Oc

to 120°F.

C. Stakes for silt fences shall be 1" x 2" wood (preferred) or equivalent metal with a
minimum length equal to the height of silt fence plus 12 inches.

D. Contractor may identify alternate materials for erosion control. Alternate materials
shall be submitted to the Construction Manager for evaluation of equivalency prior
to installation.

PART 3 EXECUTION

3.1 REQUIREMENTS

A. Erosion control devices shall be installed as depicted on the Drawings.

B. Best Management Practices shall be utilized in the installation of the devices to
prevent and/or correct problems related to the transport of material or soil by runoff
water particularly from construction and other land disturbing activities.

C. All devices shall be installed in accordance with the standards and requirements of
the Illinois Environmental Protection Agency or as required by the Drawings or
Specifications.

D. Requests for deviations from the approved Erosion and Sediment Control plan must
be submitted in writing to the Construction Manager.

3.2 INSTALLATION

A. The geotextile shall be delivered to the jobsite in a continuous roll and cut to the
length of the barrier to avoid the use of joints. When joints are necessary, it shall be
spliced together only at a support post, with a minimum 6-inch overlay, and
securely sealed.

B. Posts shall be spaced a maximum of 6 feet apart at the barrier location and driven
securely into the ground a minimum of 12 inches.
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C. A trench shall be excavated upslope from the barrier approximately 4" x 4" deep
along the line of posts.

D. Geotextile shall be stapled or wired to the fence, and 8 inches of the fabric shall be
extended in to the trench. The fabric shall not extend more than 36 inches above
the original ground surface.

E. The trench shall be backfilled over the filter fabric.

F. Silt fences shall be removed when they have served their useful purpose, but not
before the upslope area construction is completed.

3.3 MAINTENANCE DURING CONSTRUCTION

A. The Contractor shall inspect erosion prevention measures immediately after each
rainfall and at least daily during prolonged rainfall. Required repairs shall be made
immediately.

B. If the geotextile on a silt fence decomposes or become ineffective prior to the end of
the desired use, the Contractor shall replace the fabric promptly.

C. Sediment and other erosion products deposited against the barrier shall be checked
after each storm event. They must be removed when deposits reach approximately Vi
the height of the barrier, or if deformation of the barrier has occurred.

D. Any sediment deposits remaining in place after the silt fence or barrier is no longer
required shall be dressed to conform with the existing grade, prepared and seeded.

END OF SECTION 02100
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STORMWATER CONTROL DURING CONSTRUCTION



SECTION 02150

STORMWATER CONTROL DURING CONTRUCTION

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Maintain adequate site drainage.

B. Collection and routing of stormwater.

1.2 SUBMITTALS

A. Contractor shall develop a Stormwater Control Plan in accordance with the standards
and requirements of the Illinois Environmental Protection Agency.

B. Contractor shall submit the Stormwater Control Plan for Construction Manager
approval.

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

3.1 SURFACE WATER CONTROL

A. Contractor shall furnish, install, maintain and operate all equipment and materials
needed to prevent, control and remove surface water within or adjacent to the area of
work.

B. Contractor shall provide and maintain berms, curbs, surface drainage swales or runs as
necessary, to prevent surface water from entering fill placement areas.

C. Contractor shall immediately remove impounded water that affects any area of the
Work.

D. Stormwater pumped from within the landfill berms shall be discharged in accordance
with the approved Stormwater Management Plan. Contractor may propose above
ground temporary water holding areas in the Stormwater Management Plan.
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3.2 GROUND WATER CONTROL

A. Contractor shall furnish, install, maintain, and operate all equipment and materials to
prevent ground water from flowing into excavations or onto work areas or areas
designated to receive fill.

B. Collected groundwater must be stored and tested by the Contractor to determine if it
contains hazardous constituents and/or is a hazardous waste. After testing, the
collected groundwater must be disposed in a manner consistent with relevant and
appropriate regulations.

3.3 MAINTENANCE DURING CONSTRUCTION

A. The Contractor shall maintain adequate drainage of construction work areas of the
site during progress of the work such that ponding of rainwater does not occur.

B. Stormwater drainage shall be diverted away from the construction and work areas of
the site.

C. Stormwater control measures shall fully comply with the approved Stormwater
Control Plan.

END OF SECTION 02150
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SECTION 02175

CLEARING AND GRUBBING

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Furnish labor, equipment and materials as required to clear and grub existing
vegetation from areas designated as Borrow Areas and Temporary Haul Road(s).

B. Removal and disposal of vegetation generated by the Clearing and Grubbing activities.

1.2 RELATED SECTIONS

A. Section 02190 - Borrow Areas and Temporary Haul Road(s).

B. Section 01050 - Construction Survey

C. Section 02100 - Erosion Control

D. Section 02150 - Stormwater Control During Construction

E. Section 02200 - Earthwork

1.3 SUBMITTALS

A. Contractor shall submit a Clearing and Grubbing Plan that is consistent with the
selected locations for the construction areas and temporary haul road(s).

B. Contractor shall secure any and all required permits to remove, transfer and dispose
of materials generated during Clearing and Grubbing activities. This includes any
materials deemed salvageable or suitable for reuse outside of the Owner's property.

C. Contractor shall include Clearing and Grubbing in the Erosion Control Plan as
required by Section 02100.

D. Contractor shall include Clearing and Grubbing in the Stormwater Control Plan as
required by Section 02150.

PART 2 PRODUCTS

Not Used
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PART 3 EXECUTION

3.1 EXISTING CONDITIONS

A. Contractor shall protect bench marks/monuments, reference points, designated
monitoring wells and all utilities shown on the drawings. Reference Section 02200-
1.6 Earthwork, Protection.

B. Contractor shall insure that all roads remain uninterrupted during the work. Any
encroachment or potential impact to facilities must be coordinated for approval
through the Construction Manager.

3.2 IMPLEMENTATION

A. Clearing: Clearing shall consist of the removal and disposition of standing trees
and snags, stumps, boulders, brush, down timber, logs and other growth, and objects
on and above the ground surface. Cleared materials shall be disposed of in areas
designated on the drawings or at locations mutually selected by the Contractor and
approved by the Construction Manager.

B. Grubbing: Grubbing shall consist of the removal of stumps, roots, buried logs.
boulders, and other deleterious materials below the ground surface within the limits
of the designated construction areas and haul road locations. Stumps, roots over 1.0
inch in diameter, buried logs, and boulders shall be removed completely. The
grubbed area shall be managed in a manner as to prevent any of the above listed
vegetation or objects to be transported to the Landfill construction placement area.

C. Disposal: Cleared and grubbed materials shall be placed in designated locations
shown on the drawings. All materials generated during the Clearing and Grubbing
process shall be disposed of outside of the designated limits of the construction areas
and haul road(s). Material stockpile locations may be agreed to during the work, by
Contractor and Construction Manager, if the selected locations provide mutual
benefit and do not impact future use of the selected areas. Onsite burning is not
permitted.

D. Limbs, brush, and branches shall be chipped by mechanical chipping machine and
stockpiled outside of the limits of the construction area. Tree trunks and logs shall
be piled or stacked outside of the perimeter of the construction area.

3.2 MAINTENANCE DURING CONSTRUCTION

A. Contractor shall promptly remove cleared and grubbed materials from any active
work area.

B. Surface areas disturbed during the work shall be graded to establish smooth contours,
provide stable slopes, and promote controlled drainage.
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C. Clearing and Grubbing activities shall be conducted in such manner as to promote
the efficient and expedient utilization of the construction areas and temporary haul
road(s).

END OF SECTION 02175
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SECTION 02190

TEMPORARY HAUL ROADS

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Furnish labor, equipment and materials as specified herein to develop, utilize and
maintain the temporary transfer haul roads.

B. Contractor shall be responsible for survey layout, site preparation, excavation, material
transfer and maintenance of the haul road(s).

1.2 RELATED SECTIONS

A. Section 01050 - Construction Survey

B. Secti on 02100 - Erosi on Control

C. Section 02150 - Stormwater Control During Construction

D. Section 02175 - Clearing and Grubbing

E. Section 02200 - Earthwork

1.3 SUBMITTALS

A. Contractor shall include the Temporary Haul Roads in the Sediment and Erosion
Control Plan and the Stormwater Control Plan as required by Section 02100 and
Section 02150.

B. Contractor shall prepare layout drawings of the proposed location(s) of the proposed
Temporary Haul Road(s) that conform to the requirements of the Drawings.

C. Contractor shall include the Temporary Haul Road(s) in the Construction Plan as
required by Section 02200 - Earthwork, In addition to the listed requirements.
Contractor shall include the location(s) and estimated quantities of roadway drainage
culverts, roadway fill and cut sections, and all other appurtenances and materials
deemed necessary by the Contractor for the development of the facilities.
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D. The Contractor shall submit this information to the Construction Manager for
approval prior to implementation.

1.4 TESTING

A. Testing shall be in accordance with the provisions of Section 02200 - Earthwork.

PART 2 EXECUTION

2.1 PREPARATION

A. Contractor shall prepare the area by Clearing and Grubbing in accordance with
Section 02175.

B. The Construction Manager shall approve the Contractors Construction Plan prior to
commencement of the work.

2.2 EXCAVATION

A. All excavations shall comply with the requirements of OSHA 29 CFR Part 1926.

B. Temporary cut slopes shall not be steeper than 1 horizontal to 1 vertical. Finished
slopes, left for final grading and long- term maintenance, shall not be steeper than 3:1
horizontal to vertical distance.

C. Site restoration will not include removal of the Temporary Haul Roads. Temporary
Haul Roads shall be left graded to properly drain and all culverts and appurtenances
that have become an integral part of the road shall become the property of the Owner.

D. Contractor shall seed and mulch all disturbed areas following final grading as
outlined in Section 2.2, B, of this specification.

2.3 MAINTANENCE and PROTECTION DURING CONSTRUCTION

A. Contractor shall maintain the Temporary Haul Roads in accordance with the
provisions of Section 02100 - Erosion Control and Section 02150 - Stormwater
Control.

B. Contractor shall provide all Traffic and Safety controls as required by Section 02200
- Earthwork.
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C. Effective Dust Control Measures must be employed at all times, in all areas of the
work. Contractor shall include any and all dust suppression measures that are
necessary for workers health and safety and for the health and safety of persons on or
adjacent to the Owner's property. Dust Control Measures may include, but are not
limited to: watering spray trucks, approved chemical dust suppressants, road
grading, or surface treatments, such as gravel. The Construction Manager shall
approve all proposed dust control methods and may request additional control
measures if site conditions begin to effect visibility, traffic safety or workers
breathing areas.

PART 3 QUALITY CONTROL

3.1 REQUIREMENTS

A. Contractor shall be responsible for constructing temporary haul roads that adequately
serve all construction and waste placement needs throughout the project duration. All
road maintenance shall be the responsibility of the Contractor.

END OF SECTION 02190
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SECTION 02200

EARTHWORK



SECTION 02200

EARTHWORK

PART 1 GENERAL

1.1 SECTION INCLUDES

A. This section describes general earthwork requirements for site preparation, perimeter
berms, insitu soil compaction, soil protection, sand drainage layer, gravel fill,
vegetative cover soil, and related activities. This section does not include sediment
handling and placement.

1.2 REFERENCES

A. ASTM D75 - Practice for Sampling Aggregates.

B. ASTM C136 - Method for Sieve Analysis of Fine and Coarse Aggregates.

C. ASTM D422 - Method for Particle-Size Analysis of Soils.

D. ASTM D698 - Test Method for Laboratory- Compaction Characteristics of Soil
Using Standard Effort (12,400 ft-lbf/ft3).

E. ASTMD1556- Test Method for Density and Unit Weight of Soil in Place by the
Sand-Cone Method.

F. ASTMD2167 - Test Method for Density and Unit Weight of Soil in Place by the
Rubber Balloon Method.

G. ASTMD2216- Method for Laboratory Determination of Water (Moisture)
Content of Soil. Rock, and Soil-Aggregate Mixtures.

H. ASTMD2434- Test Method for Permeability of Granular Soils.

I. ASTM D2487 - Classification of Soils for Engineering Purposes.

J. ASTMD2922- Test Methods for Density of Soil and Soil-Aggregate in Place by
Nuclear Methods (Shallow Depth).

K. ASTMD2937- Test Method for Density of Soil in Place by the Drive Cylinder
Method.
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L. ASTM D3017 - Test Method for Moisture Content of Soil and Soil-Aggregate in
Place by Nuclear Methods (Shallow Depth).

M. ASTMD4318- Test Method for Liquid Limit, Plastic Limit, and Plasticity Index
of Soils.

N. ASTM Dl 140 - Test Method for Amount of Material in Soils Finer than the No. 200
Sieve.

O. ASTM D5084 - Test Method for Measurement of Hydraulic Conductivity of
Saturated Porous Materials Using a Flexible Wall Perimeter.

1.3 DEFINITIONS

A. Well-Graded: A mixture of particle sizes that has no specific concentration, or lack
thereof, of one or more sizes. A material type that, when compacted, produces a strong
and relatively incompressible soil mass.

B. Coverage: One coverage is defined as the requirement of successive trips of a piece of
compaction equipment, which by means of sufficient overlap, will ensure that all areas
of the layer being compacted have been subjected to one pass of the compaction
equipment.

C. Optimum Moisture Content: The maximum moisture content that will result when
plotted against the dry unit weight of a soil when subjected to the ASTM D698
compaction test.

D. Percent Compaction: The percent compaction in-place shall be calculated as the ratio
(in percent) of the in-place dry density to the estimated maximum dry density, in
accordance with ASTM D698, of the representative fill material at the location of the
in-place density test.

E. Proof Rolling: Rolling a surface with a minimum of 3 passes with approved
compaction equipment for the purpose of detecting soft or loose areas.

F. On-Site Soils: On-site soils are defined as the insitu material located within the
footprint of the liner system and the perimeter berms.

G. Borrow Soils: borrow soils are defined as material transferred to the footprint area
from a remote location.

H. Unsuitable Materials: All soil materials that contain waste, debris, roots, organic
matter, frozen matter, stone or rock with any dimension greater than 1-inch, or any
other material that are determined by the Construction Manager to be unsuitable for
stable, compacted backfill purposes. Approved on-site borrow soils are suitable f i l l .
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I. Borrow Areas: Borrow areas are those locations approved by the Construction
Manager for procurement, excavation and use of materials for Construction of the
Perimeter Containment Levee, Final Cover or landfill soil components. Borrow areas
do not include "on-site soils" as defined herein.

J. Fine-Grained Soils: Fined grained soils are defined as those materials which pass a
200 sieve in accordance with the guidelines established in ASTM C136.

1:4 TESTING

A. The Contractor will retain the services of a QC testing laboratory that has been
approved by Construction Manager to perform tests as specified herein. At a
minimum, the Contractor shall be responsible for providing QC for the following:

1. Compliance testing for materials provided from onsite and offsite sources.

2. QC testing and inspection during construction.

B. The Contractor shall inspect and verify all earthwork operations are in conformance
with this specification and the contract documents. Moisture/density relationships for
the various fill materials will be established as part of the QC program. Field density
tests, sample selection, and construction observations will be performed in sufficient
numbers and in such locations to verify that the specified density is being achieved.

C. The Contractor shall inform the Construction Manager prior to conducting all field
tests to allow oversight. No additional fill placement shall be permitted in areas that
have not met the specified fill placement criteria.

1.5 SUBMITTALS

A. Construction Plan

The Contractor shall submit a construction plan identifying the procedures and methods
to be used. The plan shall be approved by the Construction Manager prior to any
earthwork activities. The construction plan shall, at a minimum, include the following:

1. Proposed material source(s) and proposed method(s) of sampling.

2. Proposed soil processing, placement, compaction, and moisture control
equipment, including equipment catalog with weight, dimensions, and operating
data for all equipment.

3. Proposed locations of soil processing and moisture control.

4. Proposed methods for soil processing and moisture control.
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5. Proposed work schedule.

6. Proposed method of protecting Work, to include temporary drainage measures.

7. Proposed QC Personnel. All QC personnel shall demonstrate specific experience
of at least 2 years in the areas in which they will be performing QC inspections.

8. Proposed professional engineer registered in Illinois with no less than 5 years
experience in the performance and evaluation of geotechnical laboratory tests on
constructed materials.

9. Proposed land surveyor licensed in the State of Illinois.

10. Proposed excavation, stockpiling, regrading and staging plan describing handling
and transport of borrow materials.

11. Proposed proof rolling method and equipment for each subgrade condition.

B. Contractor shall submit results of prequalification test data on each material source to
the Construction Manager for approval prior to procurement, excavation, transport,
stockpiling or use.

C. Contractor shall submit results of all field and laboratory prequalification and quality
control data to the Construction Manager within 1 work day of receipt.

D. Contractor shall submit the results of all observations and documentation generated by
its quality control personnel the next work day.

E. Contractor shall submit results of all field surveys and documentation to the
Construction Manager. Copies of surveyor field data, books and notes shall be
submitted within 1 work day of generation. Copies of survey information signed and
sealed by a Florida licensed surveyor shall be submitted within 1 work day of receipt.

1.6 PROTECTION

A. All streets, roads, grading, structures, utilities and other improvements not specifically
designated to be cleared, removed, stripped or altered as a part of the work shall be
protected from damage throughout the construction period. Any damage caused by the
Contractor, his employees, agents, or any lower tiered subcontractors shall be
immediately repaired to the original condition and to the satisfaction of the
Construction Manaser at no additional cost to the Owner.
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B. Traffic Control

1. Keep all roads, sidewalks, and parking areas that are not part of this project
usable at all times.

2. The Contractor shall provide all necessary barricades, lights, signs, signals, etc.,
for the protection of the workers and the public, as established by the
Occupational Safety and Health Administration (OSHA) Construction Safety and
Health Regulation 29 CFR, Part 1926, Subpart G, Signs, Signals and Barricades,
and in Subpart P- Excavations, trenching and shoring, and IDOT Standard
Specifications for Highway Construction, latest edition.

C. Existing Utilities

1. The Contractor is solely responsible for identification of all utilities, both known
and unknown.

2. Known existing utilities are indicated on the Plans. The Contractor shall hand
excavate areas within 6 feet (ft) of existing utilities. Any requested variance
from the hand excavation requirement shall be submitted in writing to the
Construction Manager.

3. Actual locations of all existing utilities within the work area shall be located by
the Contractor by hand excavation and indicated on the As-Built drawings.

4. After the actual locations and routing of the existing utilities have been found to
be accurately determined through this hand excavation, and after approval from
the Construction Manager, the Contractor may begin excavation using machinery
in a manner acceptable to the Construction Manager.

5. After excavation by machinery has begun, the Contractor shall be fully
responsible for all utilities that were found through hand excavation and/or which
were indicated on the Drawings.

6. Any existing utility indicated on the Drawings that is damaged by the Contractor
shall be immediately repaired to its previous undamaged condition at no
additional cost to the Owner.

7. Notify the Construction Manager immediately of any encountered utilities not
shown on the Drawings.

8. Obtain approval from the Construction Manager before backfilling in areas of
known utilities. Utility warning tape (provided by the Contractor) shall be placed
12 inches above existing or newlv installed utilities.
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D. Monitoring Wells

1. Contractor shall be solely responsible for identification of all groundwater
monitoring wells.

2. Known groundwater monitoring wells are indicated on the Plans. Contractor
shall not operate machinery, excavate, mound soil or otherwise disturb the
ground surface around a monitoring well without the concurrence of the
Construction Manager.

3. Contractor shall be solely responsible for the protection and usability of the
monitoring wells during the work.•o

4. If the Contractor damages a monitoring well during the performance of the work,
the Contractor shall immediately notify the Construction Manager of the damage.

5. If the Owner subsequently determines that the damaged monitoring well no
longer performs satisfactorily, the Owner will have the well repaired, replaced or
abandoned by a qualified well installer and will recover any resulting cost from
the Contractor.

6. Repair , replacement or abandonment procedures shall be those required by the
Northwest Water Management District. Repair, replacement and/or
abandonment procedures shall include all fees and documentation required by the
Water Management District.

1.7 REGULATORY REQUIREMENTS

A. Permits

Obtain and comply with all appropriate local, state, and federal permits and licenses
required for performing the work.

PART 2 PRODUCTS

2.1 ON-SITE SOILS

A. Soils in the vicinity of the Landfill contain a limited amount of organic and inorganic
constituents. Excavation and removal of onsite or surrounding soils is not permitted
unless approved by the Construction Manager.

B. Pockets, lenses or layers of material differing in texture, gradation, moisture or
density from the surrounding material shall be identified and removed with the
concurrence of the Construction Manger. Removed materials shall be replaced with
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Compacted Fill in accordance with the requirements of the Specifications. Removed
materials shall be disposed in the manner and location designated by the
Construction Manager.

2.2 BORROW SOURCES

A. Borrow sources do not exist within the property boundary of the proposed landfill for
use on this project.

B. Borrow sources may not be available within the Plant boundaries for the Drainage
Material or the Vegetated Cover Fill.

C. Off site Sources

1. Contractor shall be responsible for locating sources of borrow material from
offsite sources sufficient to complete the work. The Contractor shall obtain
representative samples of the proposed source for laboratory testing. Results of
the testing along with representative samples of the proposed material shall be
submitted to the Construction Manager for approval prior to procurement,
excavation, transport stockpiling or use.

2. Contractor use of other borrow sources shall only be with the written approval
of the Construction Manager. Unless otherwise directed by the Construction
Manager all material shall conform to the requirements of the Specifications.

3. Contractor shall be responsible for conducting TCL/TAL testing of borrow
soils in accordance with the latest EPA requirements. Off-site borrow shall be
tested at a rate of one sample per 5,000 cubic yards of material excavated.
Contractor shall compare the test results with TACO Tier I criteria for
commercial / industrial area soils. The test results and the comparison to
TACO criteria shall be submitted to the Construction Manager and CQA
Consultant for review and approval. Any borrow soils containing TCL/TAL
contaminants above the Tier I levels shall not be acceptable for landfill
construction.

2.3 FILL MATERIAL

A. Compacted Fill

1. Compacted Fill shall consist of random granular or cohesive materials obtained
from approved on-site or off-site borrow areas. Compacted Fill will contain a
minimum of 5 percent by dry weight of material passing the U.S. No. 200
Sieve and be free of lenses, pockets or layers of material differing in texture,
gradation, and moisture from surrounding material. Compacted Fill shall
consist of soil types meeting the following classifications of ASTM D2487:
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2. The maximum clod size for Compacted Fill shall be 4 inches in any dimension.
Oversize material shall be removed or reworked to conform to these
requirements. Non-uniform material shall be removed or reworked to conform
to these requirements.

B. Tracked In-place Fill

1. Tracked In-place Fill shall consist of poorly graded granular or cohesive fill
obtained from approved borrow areas. Tracked In-place Fill shall be free from
lenses, pockets or layers of material differing in texture, gradation, and
moisture from surrounding material.

4. Tracked In-place Fill shall consist of soils types meeting the following
classifications of ASTM D2487:

Silty to Clayey Sands SC, SP, SP-SM, SC-SM
Silty Sands SM, SP
Clayey Silts to Silty Clays SC-SM, SM-SC, CL
Silty Sandy Clays CL
Combinations of the above

3. The maximum clod size for Tracked In-place Fill shall be 2 inches in any
dimension. Oversize material shall be removed or reworked to conform to
these requirements. Non-uniform material shall be removed or reworked to
conform to these requirements.

C. Drainage Material

1. Drainage material shall consist of siliceous, non-carbonate, non-angular sound
sand or gravel obtained from approved borrow sources. Drainage material will
contain a maximum of 10 percent by dry weight of material passing the U.S.
No. 100 Sieve and be free of lenses, pockets or layers of material differing in
texture, gradation and moisture from the surrounding material.' t-' O

2. Sand drainage material shall consist of soil types meeting the following
classifications of ASTM D2487:

Slightly Silty Sands SM, SP-SM, SW-SM
Well Graded to Poorly Graded Sands SP, SW

Sand drainage material shall conform to the following ASTM C33
requirements for fine aggregates:
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Percent Passing
Sieve Size bv Weight

3/8 inch 100
No. 4 95-100
No. 8 80-100
No. 16 50-85
No. 30 25 - 60
No. 50 10-30

No. 100 0-10

Sand drainage material shall have a laboratory measured permeability of > 1 x
10"? cm/sec.

3. Gravel drainage material shall consist of soil types meeting the following
classifications of ASTM D2487.

Sandy Gravel to Sandy Silty Gravel GW-GM, GP-GM
Well Graded to Poorly Graded Gravel GW, GP

Gravel drainage material shall conform to the following ASTM C33
requirements for coarse aggregates:

Percent Passing
Sieve Size bv Weight

1.5 inch 100
1 inch 95 - 100

'/2 inch 25 - 60
No. 4 0-10
No. 8 0-5

Gravel drainage material shall have a laboratory measured permeability of > 1
cm/sec.

D. Protection Layer

1. Protection Layer shall consist of granular or fine-grained materials obtained
from approved borrow areas, or other sources as approved by the Construction
Manager. Protection Layer will be used to construct the protective soil layer
placed directly on the Primary Collection System. Protection Layer shall
consist of soil types meeting the following classifications:
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Silty to Clayey Sands SC. SP. SP-SM. SC-SM
Poor to Well Graded Sands SP, SW
Sandy to Silty Clays SM-SC
Creek Sediments

2. Protection Layer shall be free of rocks, sticks, roots deleterious or unsuitable
materials. Maximum clod size for protective fill shall be 2 inches in any
dimension. Oversize material shall be removed or reworked to conform to
these requirements. Non-uniform material shall be removed or reworked to
conform to these requirements.

E. Vegetated Cover Fill

1. Vegetated Cover Fill shall consist of granular material obtained from approved
borrow areas. Vegetated Cover Fill will contain a maximum of 15 percent by
dry weight of material passing the U.S. No. 200 Sieve and be free from lenses,
pockets or layers of material differing in texture, gradation, and moisture from
surrounding material. The Vegetated Cover Fill shall have a laboratory
measured permeability > 1 x 10° cm/sec. Vegetated Cover Fill shall consist of
soil types meeting the following classifications of ASTM D2487:

Silty Sands SM
Clayey Sands SC, CL-SC
Silty to Clayey Sand SP-SM, SP-SC. SC-SM
Topsoil
Combinations of the above

2. The maximum clod size for vegetated cover shall be 2 inches in any
dimension. Oversize material shall be removed or reworked to conform to
these requirements. Non-uniform material shall be removed or reworked to
conform to these requirements.

3. Vegetated Cover Fill shall conform to the following gradation requirements:

Percent Passing
Sieve Size bv Weight

No. 16 100
No. 30 90-100
No. 50 60-100
No. 100 25 - 80
No. 200 5 - 40

2.4 EQUIPMENT

A. All equipment and tools used in the performance of this work are subject to the
approval of the Construction Manager before work is started.
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B. Contractor shall provide compaction equipment appropriate for the material
types to obtain the densities specified. At a minimum "footed" rollers are
expected for compaction of fine-grained soils or cohesive fills. Smooth drum
rollers or hand compaction methods may be appropriate for granular drainage
material sands and gravels.

C. Contractor shall provide hand-operated compaction equipment in areas closer
than 2 ft from pipes or other appurtenant structures to obtain the densities
specified.

D. Contractor shall operate and maintain compaction equipment in accordance with
the manufacturer's instructions and recommendations. If inadequate densities
are obtained, provide larger and/or different type equipment at no cost to the
Owner.

E. Contractor shall provide equipment for applying water of a type and quality
adequate for the Work, free of leaks and equipped with a distributor bar or other
approved device to ensure uniform application.

F Contractor shall provide equipment for mixing and drying out material, such as
blades, discs, or other approved equipment.

G. Contractor shall sufficiently weigh the compaction equipment such that the feet
fully penetrate the loose lift during initial compaction.

H. Contractors mixing and blending equipment shall fully penetrate loose lifts
during mixing to achieve a uniform material.

I. Contractor shall provide steel drum rollers to prepare the surface of placed or
compacted fill prior to placement of geosynthetic materials.

PART 3 EXECUTION

3.1 WATER CONTROL

A. Contractor shall furnish, install, maintain and operate all equipment and materials
needed to prevent, control and remove surface water within or adjacent to the area of
work in accordance with the approved Stormwater Control Plan identified in Section
02150 of these Specifications.

B. Contractor shall furnish, install, maintain, and operate all equipment and materials to
prevent ground water from flowing into excavations or onto work areas or areas
designated to receive fill as necessary or as required by the Construction Manager.
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3.2 CLEARING AND GRUBBING - LANDFILL FOOTPRINT AREA

A. Contractor shall remove vegetation including snags, brush, and rubbish occumng in the
areas of the work.

B. Roots, brush, rotten wood, and other refuse collected by the Contractor from the
clearing and grubbing operations shall be disposed by the Contractor at the designated
location shown on the Drawings.

33 SUBGRADE PREPARATION

A. General

1. Contractor shall proof roll footprint areas as shown on the Plans to identify soft
or spongy areas.

2. Contractor shall remove soft or spongy areas and replace with Compacted Fill.
Low spots and depressions shall be backfilled to achieve a uniform grade.

3. Contractor shall spread out excavated subgrade soils for drying and blending
with onsite soils within the footprint of the landfill unless Contractor's written
request for options are approved.

B. Perimeter Berms and Liner System Footprint

1. Contractor shall disc, harrow and breakup subgrade soils to a depth of 8 inches
within the perimeter berm and liner system footprint.

2. Contractor shall prepare subgrade soils to meet the requirements of Compacted
Fill.

3. Soils not meeting the requirements of Compacted Fill shall be removed and
replaced by the Contractor.

4. Contractor shall adjust in-place soils moisture content to be no less than 2 percent
below optimum and no more than 3 percent above optimum as determined by
ASTM D698.

5. Contractor shall compact insitu soils to not less than 95 percent of the laboratory
maximum Standard Proctor dry density (ASTM D698). Any single in-place
density test falling below 90 percent compaction level shall be classified as a
failing test and the area of materials represented by the failing test shall be re-
processed by the Contractor until 95 percent or greater compaction is achieved.
Areas represented by in-place density test results falling between 90 and 95
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percent maximum Standard Proctor dry density may be accepted if both of the
following conditions are met:

(a) The test result is not more than 1 in 5 successive tests in the range of 90 to
95 percent maximum density.

(b) Total number of in-place density tests falling in the range of 90 to 95
percent maximum dry density is less than 10 percent of the total number of
in-place density tests completed at that time.

Areas represented by unacceptable tests with compactions between 90 and 95
percent shall be reprocessed by the Contractor until 95 percent or greater
maximum dry density is achieved.

3.4 SURFACE PREPARATION

A. The compacted surface of any layer of fill which is too wet or too dry for bonding to
the next layer of material shall be dried or moistened by the Contractor and compacted
before the next layer is placed.

B. Contractor shall scarify the foundation so that the surface materials will bond and
compact with the first layer of fill.

C. Contractor shall place all fill to conform to the grades and cross-sections shown on the
Plans.

3.5 EXCAVATION

A. All excavation shall comply with the requirements of OSHA 29 CFR Part 1926.

B. Limits

1. Contractor shall excavate to lines, grades, and dimensions, as shown on the
Plans.

2. Contractor shall minimize excavation beyond limits shown unless otherwise
approved in writing by the Construction Manager.

3. Contractor shall design and use sloping, sheeting, shoring and bracing as
necessary to protect existing structures from damage.

4. Contractor shall grade the surface of overexcavated areas by creating a smooth
transition to adjoining areas, and slope to drain.
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5. Overexcavated areas shall be backfilled and compacted by the Contractor in
accordance with these specifications at no expense to the Owner unless
additional excavation was previously approved by the Construction Manager.

C. At the conclusion of each days work, Contractor shall backfill, bamcade or adequately
fence and protect all trenches and/or excavations in accordance with the Owner's
EH&S Requirements.

3.6 PLACEMENT

A. General

1. Contractor shall construct the soil components of the lining and final cover
system using suitable fill materials as specified.

2. Contractor shall construct soil components to the lines and grades shown on the
Plans.

3. Contractor shall construct each layer of each zone in a continuous and nearly
horizontal layer for the full width at the elevation of the layer unless otherwise
required by the Specifications or Plans.

4. Contractor shall place and compact all materials to prevent constructed
discontinuities in the fill or segregated areas of the work. Differences in
elevation for Compacted Fill shall not exceed four (4) ft unless otherwise
approved in writing by the Construction Manager. Individual lifts are required to
be placed and compacted per Section 3.6.B of these Specifications.

5. Special care shall be taken by the Contractor to ensure bonding of new fill to
constructed segments previously placed by benching in 2 ft horizontally into the
existing fill for each 1-ft vertical placement. This requirement shall not apply to
construction interfaces between side slopes and bottom materials.

6. Contractor shall moisten or aerate, scarify, and work with harrows, discs, or other
suitable equipment in such a manner to reduce the clod size of material being
placed to the requirements given. Blend all material to be free from lenses,
pockets, or layers of material differing in texture, gradation, and moisture from
surrounding materials and to depths that provide a bonding surface with the new
material.

7. Soils with excess moisture shall be sufficiently dried to meet the specified
compaction requirements.

8. Contractor may at his option add moisture to the borrow area.
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B. Compacted Fill

1. Prior to placing any new f i l l , the Contractor shall scarify the foundation upon
which new fill is to be placed. Where the proposed fills overlie unsuitable
materials, such materials shall be removed by the Contractor.

2. Contractor shall ensure the uniform moisture distribution of the Compacted Fill.

3. Materials too dry for compaction may be pre-wetted in the borrow areas by the
Contractor. Supplemental water, if required, may be added by the Contractor to
the material after placement and prior to compaction by uniform sprinkling and
shall be mixed uniformly using discs.

4. Contractor shall conduct borrow and placing operations to assure product
uniformity.

5. The material shall be placed by the Contractor in maximum 12-inch thick
(loose) lifts.

6. The placement moisture content for Compacted Fill zone materials shall be
between 2 percent below and 3 percent above optimum moisture content (ASTM
D698).

7. Compacted Fill shall be compacted by the Contractor to not less than 95 percent
of the laboratory maximum Standard Proctor dry density (ASTM D698). Any
single in-place density test falling below 90 percent compaction level shall be
classified as a failing test and the area of materials represented by the failing test
shall be be-processed by the Contractor until 95 percent compaction is achieved.
Areas represented by in-place density test results falling between 90 and 95
percent maximum Standard Proctor dry density may be accepted if both of the
following conditions are met:

(a) The test result is not more than 1 in 5 successive tests in the range of 90 to
95 percent maximum density.

(b) The total number of in-place density tests falling between 90 to 95 percent
maximum dry density is less than 10 percent of the total number of in-
place density tests completed at that time.

Areas represented by unacceptable tests with compactions between 90 and 95
percent shall be reprocessed by the Contractor until 95 percent or greater
maximum dry density is achieved.

8. The Contractor shall route all construction equipment in a manner that ensures
uniform compaction of each lift.
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9. Lift thickness shall be controlled by the Contractor through the use of
temporary grade stakes.

10. If the compacted surface of any completed lift of fill is too wet or too dry for
placement of the subsequent lift, it shall be dried back or moistened, and then
scarified before the next lift of fill is placed. Contractor shall remove grade
stakes from the fill prior to compacting that lift.

11. Contractor shall protect and maintain a smooth finished surface on the
embankment prior to seeding with vegetative cover.

12. Erosion gullies, rills or other surface discontinuity developing on the exterior
face of the embankment shall be repaired by the Contractor immediately.

13. Erosion features which average 2 inches deep or less shall be repaired by the
Contractor by reblading and compacting the surface.

14. Erosion features which average greater than 6 inches deep shall be removed by
the Contractor and replaced using procedures acceptable to the Construction
Manager.

C. Tracked In-place Fill

1. Tracked In-place Fill shall be placed by the Contractor to the lines and grades
shown in the Plans.

2. Soil material shall conform to the material requirements of these Specifications
for Tracked In-place Fill.

3. The Contractor shall place the first lift of Tracked In-place Fill over the
geosynthetic material (i.e., geomembrane liner) in a uniform loose lift no less
than 12 inches thick by track-mounted earthmoving equipment. All fill shall be
"rolled" into place such that fill placement shall not "gouge" or displace the
lower materials.

4. The first lift of the Tracked In-place Fill will be inspected and tested. If the in-
place density and moisture content meet the requirements of the Specifications,
either all or a portion of the first lift will be accepted.

5. Prior to placement of subsequent lifts, the Contractor shall sufficiently roughen
the area to a depth of approximately 2 inches. Fill moisture content shall be
modified as necessary to provide a suitable bond with the next lift.

6. Contractor shall spread subsequent fill in uniform lifts not exceeding 9 inches in
loose thickness before compaction.
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7. Contractor shall adjust moisture content as required to maintain the range
specified. Moisture content adjustment shall be accomplished by aerating and
discing when too wet or by adding water and mixing by discing or blading when
too dry. The addition of water to the clay fill shall utilize thorough mixing to
achieve a uniform moisture content distribution within the Tracked In-place Fill.

8. Contractor shall compact Tracked In-place Fill to no less than 90 percent of the
laboratory maximum Standard Proctor dry density as per ASTM D698.

9. The placement moisture content shall be optimum or above optimum moisture
content as determined by ASTM D698.

10. Contractor shall not permit equipment to travel directly on geosynthetic material.

D. Drainage Material

1. Contractor shall place Drainage Materials to the lines and grades shown in the
Plans.

2. Drainage Material shall conform to the material requirements for Sand Drainage
or Gravel Drainage Material or Capillary Break Layer in these Specifications.

3. Contractor shall prevent soils from adjacent zones being tracked or mixed with
Drainage Material Fill.

4. Contractor shall loosely dump and "roll" Sand Drainage Material into place
without sliding or gouging underlying material.

5. Contractor shall place Sand Drainage Material in uniform horizontal lifts no less
than 12 inches thick prior to compaction.

6. Contractor shall compact Sand Drainage layer to 50 percent relative density.

7. Contractor shall place Gravel Drainage Fill in uniform lifts. Contractor shall not
dump gravel on geosynthetic materials.

8. Contractor shall not permit equipment to travel directly on geosynthetic material.

E. Protection Layer

1. Contractor shall place Protection Layer to the lines and grades shown in the
Plans.

2. Protection Layer shall conform to the requirements of these Specifications.
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3. Contractor shall place Protection Layer in uniform loose lifts. Contractor shall
"roll" Protection Layer into place without gouging underlying materials.

4. Protection Layer shall be walked into place using track-mounted equipment.

5. Contractor shall not permit equipment to travel directly on geosynthetic material.

F. Vegetated Cover Fill

1. Contractor shall place Vegetated Cover to the lines and grades shown on the
Plans.

2. Contractor shall place first lift of Vegetated Cover in uniform horizontal lifts of
12 inches.

3. Contractor shall "roll" Vegetated Cover Fill into place without gouging
underlying layers using tracked equipment with ground pressures less than 5 psi.

4. Each lift of Vegetated Cover Fill shall be compacted by the Contractor with no
less than 3 coverages using tracked equipment.

5. Contractor shall not permit equipment to directly travel across geosynthetic
material.

3.7 PREPARATION FOR GEOSYNTHETIC MATERIAL PLACEMENT

A. Contractor shall trim all surfaces and areas to receive geosynthetic materials to
achieve a smooth uniform grade, free from sharp edges, ruts or discontinuities.

B. Contractor shall condition the upper six inches of surface soil in all areas to receive
geosynthetic materials with water as necessary to achieve a moisture content of
approximately optimum as determined by ASTM D 698.

C. Contractor shall smooth drum roll all areas after moisture conditioning is complete.
Soft or spongy areas of f i l l shall be removed at the direction of the Construction
Manager and replaced in accordance with the requirements of these specifications
at no cost to the Owner.

D. Contractor shall certify to the Construction Manager that all areas to receive
geosynthetic materials area free from sharp edges, ruts or discontinuities.

E. Prior to releasing an area for geosynthetic placement, the Construction Manager or
his designee will inspect the area for conformance to these specifications.
Contractor shall rework areas that that are deemed not acceptable by the
Construction Manager until acceptance is achieved.

Earthwork Revision 2 04/02/01
URS 02200-18 .„.,*.-. ,„..—,,„.„„„_,.,„„,„.„„„.._,.,.,



3.8 MAINTENANCE

A. During work interruption(s) Contractor shall be solely responsible for preventing
moisture loss from compacted materials.

B. Contractor shall remove and replace or recondition materials that have dried below the
specified moisture range for that fill classification.

C. Contractor shall replace dried soils using material and procedures in accordance with
these Specifications.

D. Temporary covers may be used to prevent moisture loss.

E. Desiccation Cracks

1. Desiccation cracks within the compacted material shall be repaired immediately
by the Contractor.

2. Contractor shall repair shall desiccation cracks (less than 2 inches in depth) by
discing or rotary tilling the fill to produce clods that are no greater than 2 inches.
Moisture content of the fill shall be properly adjusted to within the range
specified. Fill shall be thoroughly mixed to achieve a uniform moisture content
distribution and compacted to the specified value.

3. Contractor shall repair deep desiccation cracks (greater than 2 inches in depth) by
removing the fill from the compacted layer to a depth of 1.5 times the average
depth of desiccation crack. Contractor shall replace and recompact fill into the
excavated area meeting the requirements of the Specifications.

3.9 CONSTRUCTION TOLERANCE

A. Survey Precision

1. Contractor shall provide survey control for all earthwork placement, compaction,
excavation and grading and as otherwise directed by the Construction Manager.

2. Contractor shall perform surveys of the work to ± 0.1 ft vertically and ± 0.25 ft
horizontally.

B. Surface Tolerance

1. Contractor shall construct finished subgrades, compacted surfaces and drainage
material layers from -0.0 to +0.1 ft.
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2. Contractor shall provide constructed work with variations in final grade < 0.25 ft
above minimum thickness vertically between any two points located within 100
ft in any direction with the exception of designated changes in grade.

3.10 SURVEY CONTROL DATA

A. Survey data shall be collected as specified below or as otherwise directed by the
Construction Manager.

B. Subgrade

1. Contractor shall collect survey data at points a maximum of 50 ft apart beneath
the lining system footprint.

2. Contractor shall collect survey data at points 100 ft apart on the centerline of the
pen meter berm.

3. Contractor shall collect survey data for the outside toe of the perimeter berm at
the same frequency as the measurements of the centerline.

C. Perimeter Berm

1. Contractor shall collect survey data at points 100 ft apart. Survey data points
shall at a minimum be on the centerline of the perimeter berm, the outside toe
and the inside toe of the lift.

2. Contractor shall collect survey data on every third lift of the perimeter berm
starting with the finished surface of the first lift.

D. Tracked In-place Fill

1. Contractor shall collect survey data at points 50 ft apart and no less than 6 points
per grade.

2. Contractor shall collect survey data of the following surfaces:

• the finished layer to receive Tracked In-place Fill

• the compacted surface of the first lift of Tracked In-place Fill

• the final constructed surface of Tracked In-place Fill

E. Drainage Material

1. Contractor shall collect survey data at the following locations:

• the finished layer to receive the drainage material
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• locations, widths, grades and elevations of gravel drains and sumps
• the top and bottom of each drainage layer

2. Contractor shall collect survey data at points no further than 25 ft apart and no
less than 6 points per grade.

F. Protection Layer

1. Contractor shall collect survey data at points 100 ft apart and no less than 6
points per grade.

2. Contractor shall collect survey data on the finished surface to receive the
Protection Layer and on the top of the Protection Layer.

G. Vegetated Cover

1. Contractor shall collect survey data at points 100 ft apart and no less than 6
points per grade.

2. Contractor shall collect survey data on the finished surface to receive the
Vegetated Cover and on the top of the Vegetated Cover Layer.

3.11 QUALITY CONTROL

A. General

1. Tests and analysis of fill materials will be performed by the Contractor's
approved QC personnel and Testing Laboratory.

2. Field inspection and testing will be performed by the Contractor.

3. The test frequency option which results in the greatest number of tests shall be
used by the Contractor.

4. If the Construction Manager suspects the accuracy of the Nuclear Density gauge
based on the review of QA test comparisons, the Contractor shall be responsible
for proposing corrective actions to be taken to resolve discrepancies. The
Construction Manager must approve the proposed corrective action before any
further testing with the Nuclear Density gauge is accepted.

5. If the Contractor's in-place density test fails due to moisture content, re-test in the
same area. If the second test fails, remove or rework area defined by surrounding
tests meeting the Specifications.
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6. All perforations due to density test probe, sample tubes, or test pit excavation
shall be backfilled by the Contractor. All perforations shall be backfilled with
material similar to that of the layer. Backfill shall be recompacted using methods
and procedures specified. Contractor may use a powdered bentonite backfill as
an option.

7. One point compaction tests shall be performed by the Contractor whenever a
change in material is observed or suspected, as directed by the Construction
Manager and no less than once per day per material type.

8. Contractor may use one point compaction data for calculation of maximum
Standard Proctor dry density until a laboratory generated moisture density curve
is developed. Contractor may continue placement at his own risk.

9. If placed and compacted material does not meet the requirements of these
Specifications based on the laboratory generated moisture density curve, the
Contractor shall remove or rework all such material to meet these requirements at
no additional cost to the Owner.

10. Contractor shall submit all preconstruction and construction quality control data
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications have been achieved and the data
as presented is representative of the material tested.

B. Preconstruction Material Quality Evaluation

1. The Contractor shall perform material quality evaluations on all proposed
borrow sources for approval by the Construction Manager prior to
procurement, excavating, transport, stockpiling or use.

2. Compacted Fill testing requirements:

• ASTMD2216 1 per source
• ASTM D 4318 1 per source
• ASTM D 1140 1 per source
• ASTM D 698 1 per source

3. Tracked In-place Fill testing requirements:

• ASTM D 2216 1 per source
• ASTM D 4318 I per source
• ASTM D 1140 1 per source
• ASTM D 698 1 per source
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4. Drainage Material testing requirements for each sand and gravel source:

• ASTM D 2216 1 per source per type
• ASTM D 422 1 per source per type
• ASTM D 2434 1 per source per type

5. Protection Layer testing requirements:

• ASTM D 2216 1 per source
• ASTM D 4318 1 per source
• ASTM D 1140 or D 422 1 per source
• ASTM D 698 1 per source

6. Vegetated Cover Fill testing requirements:

• ASTM D 2216 1 per source
• ASTM D 4318 1 per source
• ASTM D 1140 1 per source
• ASTM D 698 1 per source
• ASTM D 5084 1 per source

C. Construction Material Quality Evaluation

1. Laboratory testing shall be performed by the Contractor's QC personnel on
each source throughout the performance of construction.

2. Compacted Fill testing requirements for each borrow source used:

• ASTM D 2216 1 per 15,000 yds3

• ASTM D 4318 1 per 15,000 yds3

• ASTM D 1140 1 per 15,000 yds3

• ASTM D 698 1 per 15,000 yds3

3. Tracked In-place Fill testing requirements for each borrow source used:

• ASTM D 2216 1 per 5.000 yds3

• ASTM D 4318 1 per 5,000 yds3

• ASTM D 1140 1 per 5.000 yds3

• ASTM D 698 1 per 10,000 yds3
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4. Drainage Material testing requirements for each sand and gravel source:

• ASTMD2216
• ASTM D 422
• ASTM D 2434

1 per 5,000 yds"
1 per 5.000 yds"
1 per 5,000 yds3

Protection Layer testing requirements for each material source:

• ASTM D 2216
• ASTM D 1140 or D 422
• ASTM D 698

1 per 5,000 yds3

1 per 5,000 yds3

1 per 5.000 yds3

6. Vegetated Cover testing requirements for each material source:

• ASTM D 2216
• ASTM D 4318
• ASTM D 1140 or D 422
• ASTM D 698
• ASTM D 5084

D. Post Constructed Quality Control

1. Compacted Fill

In-place density
ASTM D2922
ASTMD3017

In-place density verification
ASTM D2937
ASTMD2216

2. Tracked In-place Fill

In-place density
ASTM D2922
ASTMD3017

In-place density verification
ASTMD2937
ASTMD2216

1 per 10,000 yds3

1 per 10,000 yds3

1 per 10,000 yds3

1 per 10,000 yds3

1 per 10,000 yds3

1 per 2,000 yd'1 placed and compacted

1 per 15,000 yd"1 placed and compacted

1 per 10,000 ft2 placed and compacted
with a minimum of 6 per l if t

1 per 2,000 yd" placed and compacted
with a minimum of 1 per lift

END OF SECTION 02200
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SECTION 02225

SEDIMENT MATERIAL HANDLING

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Excavation, temporary storage and transport of sediments, soils and subsurface soil
materials.

B. Placement and compaction of excavated sediments, soils and subsurface soil materials
in the Landfill.

C. All collection, control, temporary storage, testing and discharge of contaminated water
associated with waste excavation, treatment, temporary storage, placement and
compaction in the waste disposal cell.

D. Procurement, transportation, storage, handling, installation and operation of all
equipment and materials necessary for conduct of the work.

E. Health and safety requirements of the project Health and Safety Plan, as well as
Solutia's Pensacola Facility plant specific safety requirements.

1.2 DEFINITIONS

A. Sediments: Fine grained solids located within the limits of the Dead Creek remaining
after the creek is unwatered and the residual material dewatered and dried.

B. Subsurface Soils: Existing soil material located directly beneath the sediments within
the creek that require removal.

C. Contaminated Water: All stormwater falling directly on exposed sediments,
stormwater run on contacting sediments or groundwater seepage contacting sediments
material during excavation, temporary storage, handling, transport, placement or
compaction.

D. Compactive Effort: Energy applied to the sediments or soils after placement in the
Landfill by tracked or wheeled equipment.

1.3 SUBMITTALS

A. Excavation and Material Handling
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1. Contractor shall submit an Excavation and Material Handling Plan for approval by
the Construction Manager.

2. Contractor's Excavation and Material Handling Plan shall address excavation,
stockpiling, temporary storage, handling, transport and placement into the Landfill
for sediments and soils.

3. The Contractor's plan shall address management of contaminated water and shall
be compatible with the water treatment system for this project.

PART 2 PRODUCTS

2.1 EQUIPMENT

A. All equipment and tools used in the performance of this work are subject to the
approval of the Construction Manager before work is started.

B. Provide compaction equipment appropriate for the material types to obtain the densities
specified.

C. Provide hand-operated compaction equipment in areas closer than 2 feet (ft) from liners
or structures to obtain the densities specified.

D. Operate and maintain compaction equipment in accordance with the manufacturer's
instructions and recommendations. If inadequate densities are obtained, provide larger
and/or different type equipment at no cost to the Owner.

E. Provide equipment for mixing and drying out material, such as blades, discs, or other
approved equipment.

F. Contractor shall provide and operate dewatering equipment to remove and maintain
control of stormwater runoff and keep the work area in an unwatered condition
throughout the construction period in a manner approved by the Construction Manager.

PART 3 EXECUTION

3.1 GENERAL

A. All excavations, trenching, and shoring shall comply with the rules and regulations as
established by OSHA Construction Safety and Health Regulations 29 CFR, Part 1926.
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B. Contractor shall place all processed and temporarily stored sediments in such a manner
as to prevent dispersal by wind, water erosion and to minimize the generation of
leachate from rainfall.

C. Contaminated water within the confines of the active portion of the TSCA waste
disposal cell, waste handling areas, and creek areas shall be controlled, collected, and
discharged in accordance with the direction of the Construction Manager.

D. Mixtures of sediments with soils or subsurface soils shall be handled as if the mixture
is 100 percent sediment for the purpose of placement and compaction.

3.2 SEDIMENT AND SOIL HANDLING

A. Dewatering/Drying

1. Sediments within the creek shall be dewatered and dried.

2. Contractor shall install dewatering sumps at the locations and in the manner
selected by the Construction Manager.

3. Contractor shall maintain the dewatering sumps to promote removal of rainfall
runoff and stormwater.

4. The Contractor may use mechanical methods such as discing, harrowing, or
stockpiling to hasten the drying process as approved or as directed by the
Construction Manager. The sediments shall not be placed into the landfill until
dewatered sufficiently to pass the EPA paint filter criteria.

B. Sediment and Soil Excavation

1. Sediment and soils approved for placement in the Landfill shall be excavated,
transported, placed and compacted by the Contractor in the manner approved by
the Construction Manager.

2. Contractor shall excavate sediments in a coordinated fashion that minimizes the
amount of handling and minimizes the potential to spill or generate contaminated
water.

3. Subsurface soil materials located beneath the sediments shall be excavated by the
Contractor as directed by the Construction Manager.

4. Excavated soils and subsurface soils shall be transported, placed and compacted
in the disposal cell by the Contractor.
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5. Contractor's Excavation and Material Handling Plan shall include methods and
procedures to control and prevent stormwater run on and run off from areas with
exposed sediments to adjacent areas.

3.3 PLACING AND SPREADING SEDIMENTS

A. Do not place sediments until the area to receive fill is completed and accepted by the
Construction Manager.

B. Place sediment materials to the lines and grades shown on Plans with specified suitable
materials.

C. Grade sediments in a manner that will promote positive site drainage and that will
direct drainage away from the work and prevent ponding.

D. Uniformly grade areas to provide a finished surface that is smooth, compacted and free
of irregularities. Comply with compaction requirements and grade to cross sections,
lines and elevations indicated.

E. Place and compact the sediments in the landfill with sufficient compactive effort to
provide a minimum undrained shear strength of 500 psf. Sediment shear strength will
be measured by the Contractor and observed by the Construction CQA Consultant
using either pocket penetrometer or field penetrometer instruments. The Construction
Manager reserves the right to require a higher minimum shear strength if field
conditions indicate that construction or operation problems will occur.

F. Place sediment adjacent to the side wall lining with a clearance between the
construction equipment and lining of between 2 and 4 ft. The minimum undrained
shear strength requirement shall not apply to sediments placed in this zone.

G. Compact each lift of fill thoroughly, using appropriate compaction equipment.

H. If tests indicate Work does not meet specified requirements, rework, remove or replace
and. retest at no cost to Owner.

I. Contractor shall minimize the surface area of placed sediments within the Landfill.

J. Exposed face of placed and compacted sludge shall vary in accordance with the
thickness of the exposed fil l .

K. Contractor shall place and compact sediment in accordance with the following:
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Maximum Elevation Difference
in Compacted Sediment Thickness Maximum Exposed Sediment

(ft) Face Slope Angle

5 3.0 (H) to 1 (V)

10 3 .5(H)tol(V)
15 4.0(H)tol(V)

L. Contractor shall not place and compact sediment in layers that creates differences in
surface elevations of greater than 10 ft.

3.4 PLACING AND SPREADING SOILS

A. Place soil materials to the lines and grades shown on Plans with specified suitable
materials.

B. Grade soils in a manner that will promote positive site drainage and that will direct
drainage away from the work and prevent ponding.

C. Uniformly grade areas to provide a finished surface that is smooth, compacted and free
of irregularities. Comply with compaction requirements and grade to cross sections,
lines and elevations indicated.

D. Place and compact the soils in the landfill with sufficient compactive effort to provide a
minimum undrained shear strength of 500 psf. Shear strength will be measured by the
Contractor and observed by the Construction CQA Consultant using either pocket
penetrometer or field penetrometer instruments. The Construction Manager reserves
the right to require a higher minimum shear strength if field conditions indicate that
construction or operation problems will occur.

E. Place soils adjacent to the side wall lining with a clearance between the construction
equipment and lining of between 2 and 4 ft. The minimum undrained shear strength
requirement shall not apply to soils placed in this zone.

F. Compact each lift of fill thoroughly, using appropriate compaction equipment.

G. If tests indicate Work does not meet specified requirements, rework, remove or replace
and retest at no cost to Owner.

H. Contractor shall minimize the surface area of placed soils within the Landfill.

1. Exposed face of placed and compacted soils shall vary in accordance with the thickness
of the exposed fill .
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J. Contractor shall place and compact soils in accordance with the following:

Maximum Elevation
Difference in Compacted Soil

Material Thickness Maximum Exposed Soil
(ft) ____ Face Slope Angle

5 2.5 (H) to 1 (V)

10 3.0 (H) to 1 (V)

15 3 .5 (H) to l (V)

K. Contractor shall not place and compact soil in layers that creates differences in surface
elevations of greater than 10 ft.

END OF SECTION 02225
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SECTION 02227

GEOGRID REINFORCEMENT

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Geogrid reinforced ramp construction for landfill cell access.

1.2 REFERENCES

The publications listed below form a part of this Specification to the extent referenced. The
publications are referred to in the text by the basic designation only.

A. ASTM C136 Method for Sieve Analysis of Fine and Coarse Aggregates.

B. ASTM D422 Method for Particle-Size Analysis of Soils.

C. ASTM D698

D. ASTM D2487

E. ASTM D2922

F. ASTMD3017

G. ASTMD4318

H. ASTM D4595

I. ASTMD5321

Moisture Density Relations of Soils and Soil-Aggregate Mixtures
Using a 5.5 Pound (2.49 kg) hammer and a 12-inch (304.8 mm)
drop.

Classification of Soils for Engineering Purposes.

Test Methods for Density of Soil and Soil-Aggregate in Place by
Nuclear Methods (Shallow Depth).

Test Method for Moisture Content of Soil and Soil-Aggregate in
Place by Nuclear Methods (Shallow Depth).

Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils.

Test Method for Tensile Properties of Geotextiles by the Wide-
Width Strip Method.

Test Method for Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by" the
Direct Shear Method.
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1.3 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer, Installer
and Geosynthetic Testing Laboratory.

2. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement, transport, stockpiling
or use.

3. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.

4. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities.

5. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of
survey information signed and sealed by a Illinois licensed surveyor shall be
submitted within 1 day of receipt.

6. Contractor shall submit signed documentation that the geogrid was installed in
accordance with the Plans and Specifications.

B. Manufacturer

The Manufacturer shall submit the following prior to installing geosynthetics:

1. A list of material properties including certified test results attached to samples of
the proposed geosynthetic material.

2. The origin and identification of the resin used to manufacture the product.

3. Submit all quality control documentation required by these Specifications prior to
installation.

C. Installer

The Installer shall submit the following prior to installation:

1. Resume of superintendent to be assigned to the project including dates/duration
of employment. The superintendent shall have demonstrated experience of two
similar projects.
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2. A list of personnel to be performing field seaming operations with pertinent
experience information.

3. All geosynthetic quality control certificates.

1.4 TESTING

A. Contractor shall retain the services of an independent testing laboratory. At a
minimum, Contractor shall be responsible for providing the following quality control
information:

1. Compliance testing for installed geosynthetics.

2. Quality control testing during construction.

B. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

C. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

D. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.

1.5 QUALITY ASSURANCE

A. Geogrid shall be free of defects, rips, holes, or flaws.

B. It shall be manufactured in widths and lengths that will permit installation with as few
laps as possible.

C. Geogrid shall be marked with the Manufacturer's name, product identification, lot
number, roll number, and roll dimensions.

D. Contractor shall provide a storage area such that geogrid is protected from mud, dirt,
dust, debris, and exposure to ultraviolet (UV) light and heat.

E. Contractor shall submit all material and workmanship warranties for the geogrid
installation.
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1.6 DELIVERY, STORAGE AND HANDLING

A. Contractor shall check the geogrid upon delivery to assure that the proper material has
been received.

B. Contractor shall maintain the integrity of the geogrids in a state equal to that which
existed at the time of testing and certification for both onsite and offsite storage. This
includes but is not limited to ultraviolet protection, protection against rodents,
contaminant chemical abrasion, and any other harmful elements.

C. Geogrid shall be stored at temperatures above 35°F and be shaded from prolonged
periods of direct exposure to sunlight.

D. Contractor shall prevent excessive mud, wet cement, epoxy, and like materials, which
may affix themselves to the grid, from coming in contact with the geogrid material.

E. Rolled geogrid material shall be laid flat or placed on end for storage.

F. Only approved geogrids shall be used in construction. Geogrids delivered to the site
shall be clearly marked to show the brand name, type of grid, ultimate tensile strength,
location and date of manufacture, and its length (direction of reinforcement) and width.

G. Geogrids delivered to the project site shall remain in factory packaging capable of
protecting it from sunlight (ultraviolet), moisture, or any other harmful elements until it
is readv to be installed.

PART 2 PRODUCTS

2.1 DEFINITIONS

A. Fill: Selected soil materials to be used in construction of the geogrid reinforced ramp
layer as specified in Section 02200.

B. Geogrid: An oriented high density polyethylene (HDPE) or polyester grid structure
specifically manufactured for use as soil reinforcement.

C. Uniaxial Grid: A geogrid which has been manufactured with high tensile strength in
one direction only.

D. Direction of Reinforcement: Refers to the orientation that the geogrid is used in for a
particular project; along the roll for uniaxial geogrid.

E. MD: Machine direction.
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F. CMD: Cross machine direction.

2.2 ACCEPTABLE MANUFACTURERS

A. The Tensar Corporation

B. A manufacturer of equivalent products, preapproved by the Construction Manager.

2.3 GEOGRID

A. The geogrid reinforcement shall be composed of either oriented high density
polyethylene (HDPE); or high-tenacity polyester or polypropylene fibers coated with a
protective coating of PVC, bitumen, or latex.

B. Contractor shall obtain from the manufacturer and shall furnish to the Construction
Manager test reports certifying that the geogrid meets the requirements of this
Specification prior to installation.

C. The geogrid reinforcement shall:

1. Be uniaxially or biaxially oriented polymer grid structure.

2. Be composed of polypropylene, polyester, or high density polyethylene.

D. The manufacturer shall submit test reports certifying that the product meets the
requirements of this Specification.

E. The geogrid shall have the following minimum requirements:

Long-Term Minimum
Allowable Ultimate Tensile

Location Strength (Ib/ft) Strength (Ib/ft)

Ramp N/A 7.000 .

F. Acceptable geogrid products are:

Location Product Number Manufacturer

Ramp UX1600SB Tensar
Ramp UXP1500 Tensar
Ramp UXP1600 Tensar
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PART 3 EXECUTION

3.1 GEOGRID INSTALLATION

A. For landfill cell access ramps

1. After completion of the lining system installation in the ramp locations, place (2)
60-mil HDPE fly sheets directly over the clean lining surface and geonet.
covering the entire slope length from crest to toe. The minimum width of the
HDPE fly sheets shall be 20 feet (ft).

2. Place the geogrid over the HDPE layers, fully covering the slope length and
extending outside the landfill cell the required distance. The minimum width of
the geogrid ramp shall be 12 ft.

3. Bury the geogrid anchorage outside the landfill cell to the required length and
depth.

4. Compact the geogrid anchorage backfill in 6 inch lifts to at least 95 percent of the
maximum dry density determined by ASTM D698.

5. After all anchorage fill has been placed, place ramp fill on the landfill cell slope
by dumping or pushing the fill down the prepared ramp area. Place at least 8
inches of fill before allowing equipment access.

6. The maximum gross vehicle weight for equipment constructing or using the
ramp shall be 100,000 pounds.

B. All geogrid shall be placed at the proper location as shown on the Plans and at an
orientation with its strongest axis within 5 degrees of being perpendicular to the slope
direction. Correctness of the orientation (roll direction) of the geogrid shall be verified
by the Contractor.

C. Adjacent geogrid panels shall be butted together and nylon cable ties shall be placed
every 5 ft.

D. Geogrids shall be pulled taut in the reinforcement direction and secured in-place with
sand bags, or backfill as required by fil l properties, fill placement procedures or
weather conditions, or as directed by the Contractor.

E. Geognd may be connected to an identical geogrid panel using a Bodkin-type
connection with components recommended by the geogrid manufacturer. The
connection may not be located within 25 ft (in either direction) of the top of slope or
slope break.

Geogrid Reinforcement Revision 1 04/02/01
URS 02227-6 ,,-,1J-«,,...,,..,,,,,.,,,..1,~,.̂ .̂...,,;!,,.



F. Backfill material shall be placed in lifts and compacted as directed under Section 02200
- Earthwork. Maintain ramp fill thickness as specified in Section 02200.

G. Backfill shall be placed, spread, and compacted in such a manner that minimizes the
development of wrinkles in and/or movement of the geogrid.

H. Ramp fill material shall be placed, spread, and compacted in a manner that minimizes
the development of wrinkles in and/or movement of the geogrid. Do not exceed 12
inches in loose lift thickness of ramp fill material.

I. Construction equipment shall not be operated directly on the geogrid. A minimum soil
thickness of 6 inches is required prior to operation of tracked vehicles over the geogrid.
Turning of tracked vehicles should be kept to a minimum to prevent tracks from
displacing the soil and damaging the geogrid.

J. Rubber tired equipment may pass over geogrid reinforcement that has been covered
with at least 12 inches of soil or ramp fill. Sudden braking and sharp turning shall be
avoided.

K. Contractor shall take all necessary precautions to avoid damaging the geogrid during
installation and soil placement. Geogrid damaged by the Contractor shall be repaired
or replaced as directed by the Engineer at the Contractor's expense.

END OF SECTION 02227
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SECTION 02242

GEOTEXTILE

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Storage, handling, and installation of geotextile.

1.2 REFERENCES

A. ASTM Dl 117 - Methods of Testing Nonwoven Fabrics.

B. ASTM D5199 - Method for Measuring Thickness of Textile Materials.

C. ASTM D5261 - Test Method for Mass Per Unit Area (Weight) of Nonwoven Fabric.

D. ASTM D3786 - Test Method for Hydraulic Bursting Strength of Knitted Goods and
Nonwoven Fabrics: Diaphragm Bursting Strength Tester Method.

E. ASTM D4439 - Terminology for Geosynthetics.

F. ASTM D4491 - Test Methods for Water Permeability of Geotextiles by Permittivity.

G. ASTM D4533 - Test Method for Trapezoid Tearing Strength of Geotextiles.

H. ASTM D4632 - Test Methods for Breaking Load and Elongation of Geotextiles
(Grab Method).

I. ASTM D4751 - Test Method for Determining Apparent Opening Size of a
Geotextile.

J. ASTM D4833 - Test Method for Index Puncture Resistance of Geotextiles,
Geomembranes and Related Products.

K. ASTM D4873 - Standard Guide for Identification, Storage and Handling of
Geotextiles.
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1.3 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer, Installer
and Geosynthetic Testing Laboratory.

2. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement, transport, stockpiling
or use.

3. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.

4. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities.

5. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of
survey information signed and sealed by an Illinois licensed surveyor shall be
submitted within 1 day of receipt.

B. Manufacturer

The Manufacturer shall submit the following prior to installing geosynthetics:

1. A list of material properties including certified test results attached to samples of
the proposed geosynthetic material.

2. The origin and identification of the resin used to manufacture the product.

3. Submit all quality control documentation required by these Specifications prior to
installation.

C. Installer

The Installer shall submit the following prior to installation:

1. Resume of superintendent to be assigned to the project including dates/duration
of employment.

2. A list of personnel to be performing field seaming operations with pertinent
experience information.

3. All geosynthetic quality control certificates.
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D. Contractor shall submit all material and workmanship warranties for the geotextile
installation.

1.4 TESTING

A. Contractor shall retain the services of an independent testing laboratory. At a
minimum. Contractor shall be responsible for providing the following quality control
information:

1. Compliance testing for installed geosynthetics.

2. Quality control testing during construction.

B. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

C. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

D. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.

PART 2 PRODUCTS

2.1 GENERAL

A. Contractor shall furnish materials whose "Minimum Average Roll Values" (MARV),
as defined by the Federal Highway Administration (FHWA), meet or exceed the
criteria listed below.

B. Products shall be comprised of polymeric yams of fibers oriented into a stable network
which retains its relative structure during handling, placement and long-term service.

2.2 GEOTEXTILE

A. For filtration, cushion, separation and protection purposes, the geotextile shall consist
of staple fiber needle-punched, nonwoven, polypropylene fabric where shown on the
Drawings. The following minimum fabric properties are required:
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GEOTEXTILE PROPERTIES

Property
Mass per Area

Grab Strength

Elongation

AOS

Permittivity

Trapezoidal Tear
Strength

Burst Strength

Puncture Strength

Standard
ASTMD5261

ASTM D 4632

ASTM D 4632

ASTM D 4751

ASTM D 4491

ASTM D 4533

ASTM D 3786

ASTM D 4833

MARV
16

380
60

100

0.7

145

750

240

Units
oz/yd"

Ibs

%
U.S. Sieve

sec"1

Ibs

psi

Ibs

2.3 MANUFACTURERS

A. Synthetic Industries

B. Approved Equal

PART 3 EXECUTION

3.1 INSTALLATION

A. Geotextile storage, handling and installation shall be the responsibility of the
Contractor. Any damaged or unacceptable material shall be replaced at no additional
cost to the Owner. During shipment and storage, the geotextile shall be protected from
ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture,
cutting or any other damaging or deleterious conditions. To that effect, geotextile rolls
shall be shipped and stored in relatively opaque and watertight wrappings.

B. Geotextile rolls shall be handled in such a way that they are not damaged.

C. Geotextile shall be securely anchored and then rolled in such a manner as to continually
keep the geotextile sheet in tension.

D. Geotextile shall be weighted with sandbags or the equivalent. Such sandbags shall be
installed during placement and shall remain until replaced with cover material.

E. If white colored geotextile is used, precautions shall be taken against "snow blindness"
of personnel.
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F.

H.

Contractor shall take any necessary precautions to prevent damage to underlying layers
during placement of the geotextile.

Geotextile shall not be exposed to precipitation prior to being installed. Wrappings
protecting geotextile rolls shall be removed less than one hour prior to unrolling the
geotextile. After the wrapping has been removed, the geotextile shall not be exposed to
direct sunlight for more than 15 days (unless otherwise approved by the Construction
Manager).

Contractor shall seam geotextile rolls by either overlapping, sewing or other methods
approved by the Construction Manager.

At a minimum, the Contractor shall use the following seaming techniques at the
specified locations:

Location

• Side Slopes of Lining System
• Over Primary Collection System
• Fabric Wrapped Around Sumps and Gravel Drain
• Beneath Tracked-in-Place Soil
• Above Capillary Break Layer
• Beneath Cover System Geomembrane
• Above Cover System Geomembrane
• Slopes Steeper Than 10 Percent
• Slopes Flatter Than 10 Percent

Method of Seaming

Sewn
Sewn

Overlapped or sewn
Sewn
Sewn

Overlapped or sewn
Sewn
Sewn

Overlapped or sewn

J. The geotextile seams not sewn shall be overlapped a minimum of 6 inches.

K. Geotextile seams designated as requiring to be sewn shall be continuously sewn with
polymeric thread.

1. The thread shall be capable of supplying a seam strength efficiency of 80 percent
of the required tensile strength utilizing a Type 401 two-thread chain stitch with a
"J" seam.

2. The seam shall have 8 stitches per inch and the stitches shall be a minimum of 2
inches from the fabric edge.

L. Contractor shall pay particular attention at seams such that no soil material is
inadvertently inserted beneath the geotextile.

M. Material placement shall be in the direction of the overlap.
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N. Soil materials over the geotextile shall be placed in a manner such that the geotextile is
not damaged, minimal slippage of the geotextile or underlying layers occurs, and no
excess tensile stresses are present in the geotextile.

O. No construction equipment with ground pressure greater than 5 psi shall operate on
slopes.

3.2 REPAIRS

A. Holes or tears in the fabric shall be repaired as follows: A fabric patch made from the
same geotextile shall be placed over the hole or tear and sewn to the underlying
geotextile. Provide a minimum overlap of 24 inches in all directions. Should any tear
exceed 10 percent of the width of the roll, that section of the roll shall be removed and
replaced.

3.3 QUALITY CONTROL

A. Visual inspections of shipment and storage activities shall be made by the Construction
Manager to assure that the fabric has been protected from ultraviolet light exposure,
precipitation or other inundation, and dirt, dust, puncture, cutting or any other
damaging or deleterious conditions.

B. Contractor shall designate each roll with a roll number (identification code) which is
consistent with the layout plan. The rolls shall be positioned on the site as shown on
the approved layout drawings. Instructions on boxes or wrapping containing the
geotextile materials shall be followed to assure that rolls are unrolled in the proper
direction.

3.4 MATERIAL QUALITY EVALUATION

A. Contractor shall submit an affidavit and/or quality control certificate signed by the
manufacturer certifying that the geosynthetic rolls meet or exceed specified
requirements to the Construction Manager for approval prior to deployment.

B. Preinstallation material quality evaluation testing shall be performed as follows:

• ASTM D5261 4 per roll
• ASTM D4632 1 per 50,000 ft2

• ASTMD4751 1 per 50,000 ft2

• ASTMD4491 1 per 50,000 ft2

• ASTM D4533 1 per 50.000 ft2

• ASTM D3786 1 per 100,000 ft2

• ASTM D4833 1 per 100,000 ft2
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C. Contormance Testing

1. Samples shall be obtained at a frequency of one sample per 50.000 square feet.

2. The Contractor shall obtain samples and forward them to a laboratory designated
by the Construction Manager.

3. Tests shall be performed to determine mass per Area (ASTM D5261),
Permittivity (ASTM D4491), and Tensile Strength (ASTM D4632).

4. The sample shall be across the entire width of the roll excluding the first three (3)
feet (ft), and shall be cut three (3) ft long by width roll.

5. Samples shall be 3 ft long by roll width. Machine direction shall be marked on
sample with an arrow.

3.5 PLACEMENT OF EARTHEN MATERIALS OVER GEOTEXTILE

A. The Contractor shall place all earthen materials located on top of geotextile in such a
manner as to ensure:

1. No damage of geotextile.

2. Minimal slippage of geotextile on underlying layers.

3. No excess tensile stresses in geotextile.

B. Place materials over geotextile by pushing material out over geotextile ahead of
equipment in 12-inch thick minimum lifts.

C. On sideslopes, earthen material placement shall begin at toe of slope and proceed
upslope to top of slope.

D. Equipment used to place earthen material over the geotextile shall have a maximum
contact pressure of 5 Ibs/sq inch on earthen material.

E. Thickness of earthen material over geotextile shall be 12 inches or more before
equipment used to place earthen material shall be permitted to cross areas where
geotextile has been installed.

F. Thickness of cover material over the top geotextile shall be 2 ft before vehicles with
contact pressure greater than 8 Ibs/sq inch shall be permitted to cross areas where
aeotextile has been installed.

END OF SECTION 02242

Geotextile Revision 1 04/02/01
URS 02242-7 ,,.,,,̂  ,,...u,..,,.,,.._,,.,.̂ ,̂,....,,,,,,.



SECTION 02244

GEOMEMBRANE



SECTION 02244

GEOMEMBRANE

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The Contractor shall furnish all material, labor and equipment for the installation of
the geomembrane as specified herein and as shown on the Drawings, and shall install
the geomembrane and other geosynthetic components of the cover system in close
coordination with the Construction Manager.

1.2 REFERENCES

A. ASTM D 638 - Test Method for Tensile Properties of Plastics.

B. ASTM D 792- Test Method for Specific Gravity (Relative Density) and
Density of Plastics by Displacement.

C. ASTM D 1004 - Test Method for Initial Tear Resistance of Plastic Film
and Sheeting.

D. ASTM D 1204 - Test Method for Linear Dimensional Changes of
Nonrigid Thermoplastic Sheeting or Film at Elevated
Temperature.

E. ASTM D 1238, Condition E - Standard Test Method for Flow Rates of Thermoplastics
by Extrusion Plastometer.

F. ASTM D 1505 - Test Method for Density of Plastics by the Density -
Gradient Technique.

G. ASTM D 1603 - Test Method for Carbon Black in Olefin Plastics.

H. ASTM D 1693 - Test Method for Environmental Stress-Cracking of
Ethylene Plastics.

I. ASTM D 4339 - Terminology for Geosynthetics.

J. ASTM D 4437 - Standard Practice for Determining the Integrity of Field
Seams Used in Joining Flexible Polymeric Sheet
Geomembranes.
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K. ASTM D 4833 - Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes and Related Products.

L. ASTM D 4885 - Test Method for Determining Performance Strength of
Geomembranes by Wide Strip Tensile Method

M. ASTM D 5199 - Test Method for Measuring Thickness of Plastics.

N. GRI GM 6 - Standard Practice for Pressurized Air Channel Test for
Dual Seamed Geomembranes.

O. GRI GM 13 - Standard Specification for Test Properties, Testing
Frequency and Recommended Warranty for High
Density Polyethylene (HDPE) Smooth and Textured
Geomembranes.

1.3 DEFINITIONS

A. Batch: A quantity of resin, usually the capacity of one railcar, used in the fabrication
of High Density Polyethylene (HDPE) geomembrane rolls. The finished rolls are
identified by a roll number corresponding to the resin batch used.

B. Bridging: Condition existing when the geomembrane is not in contact with the
underlying material.

C. Contractor: The party responsible for manufacturing, shipping, field handling,
transporting, storing, deploying, seaming, temporary restraining (against wind), and
installing the geomembrane. This responsibility includes the work performed by the
Manufacturer and the Installer.

D. Manufacturer: The party responsible for production of any of the various
geosynthetic components.

E. Installer: The part responsible for installation of the geosynthetics.

F. Extrudate: HDPE material produced in the form of a rod used by the Contractor to
extrusion weld panels of geomembrane together.

G. Geomembrane: Very-low permeability synthetic flexible membrane liner (FML)
barrier used to minimize fluid migration.

H. Geomembrane Subsurface: Material surface upon which geomembrane will be
placed.

I. Quality Assurance Laboratory (Third Party Laboratory): Party, independent from the
Owner, Manufacturer, and Contractor, responsible for conducting laboratory tests on
samples of geomembrane obtained at the site.
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J. Panel: The unit area of geomembrane. a roll or a portion of a roll, that wi l l be
seamed in the field.

K. Panel Layout Drawings: Drawings submitted by the Contractor indicating panel
numbers, field seams, and details.

L. Subgrade: Soil material directly below the geomembrane.

1.4 TESTING

A. Contractor shall retain the services of an independent testing laboratory. At a
minimum, Contractor shall be responsible for providing the following quality control
information:

1. Compliance testing for installed geosynthetics.

2. Quality control testing during construction.

B. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

C. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

D. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.

1.5 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer, Installer
and Geosynthetic Testing Laboratory.

2. Contractor shall submit the results of conformance testing of the geosynthetic
materials selected for interface friction testing for approval within thirty (30) days
of contract award.

3. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement transport, stockpiling or
use.

4. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.
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5. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities.

6. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of
survey information signed and sealed by a Illinois licensed surveyor shall be
submitted written 1 day of receipt.

B. Manufacturer

The Manufacturer shall submit the following prior to installing geosynthetics:

1. A list of material properties including certified test results attached to samples of
the proposed geosynthetic material.

2. The origin and identification of the resin used to manufacture the products.

3. Submit all quality control documentation required by these Specifications prior to
installation.

C. Installer

The Installer shall submit the following prior to installation:

1. Resume of Superintendent to be assigned to the project including dates/duration
of employment.

2. Resume of Master Seamer including dates/duration of employment.

3. A list of personnel to be performing field seaming operations with pertinent
experience information.

4. All geosynthetic quality control certificates .

5. Certification that the extrudate is comprised of the same resin as the
geomembrane to be used.

6. Description of seaming techniques and apparatus to be used.

7. Properties of extrudate to be used.

D. Raw Materials

1. Copy of quality control certificates issued by resin suppliers.
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2. Production date(s) of resin.

3. Reports on tests conducted to confirm quality of resin used to manufacture
geomembrane rolls assigned to considered facility. Report shall indicate
compliance with requirements in Part 2 - Products of this Specification.

4. Statement that no reclaimed polymer is added to resin during manufacture of
actual geomembrane to be used in this project.

E. Geomembrane Roll Production: Copy of quality control certificates indicating
compliance with requirements of Part 2 of this Specification.

F. Installation Panel Layout Drawing identifying placement patterns and seams, both
fabricated (if applicable) and field seams, as well as any variance or additional details
which deviate from the Drawings. Layout shall be drawn to scale and shall be adequate
for use as the construction plan, and shall include information such as dimensions,
panel numbering, and installation details. The Engineer shall review all Panel Layout
Drawings prior to installation. Panel Layout Drawings, as prepared by the Contractor
and reviewed by the Engineer, shall be submitted to USEPA 30 days prior to liner
installation.

G. Installation Schedule.

H. During installation the Contractor shall submit:

1. Quality control documentation recorded during installation.

3. Daily subgrade acceptance for each area to be covered signed by the Installer.

I. Warranties:

1. Submit a material warranty signed by the geomembrane manufacturer. The
material warranty shall be against manufacturing defects and workmanship,
and against deterioration due to ozone, ultraviolet, and other exposure to the
elements, for a period of one year from final acceptance. The material
warranty shall be limited to replacement of material, and shall not cover
installation of replacement geomembrane.

2. Submit workmanship warranty signed by the geomembrane installer. The
installer shall warrant the geomembrane system to be installed to be free of
defects in workmanship for a period of 2 years following the date of final
acceptance of the work under this Contract. The workmanship warranty shall
cover installation of replacement geomembrane.
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J. Submittals Required for Project Closeout

1. Record Drawing: Submit reproducible drawings of record showing changes
from the approved installation drawings. The record drawings shall include the
identification and location of each repair, cap stnp. penetration, boot, and
sample taken from the installed geomembrane.

2. Quality Control Record: Submit copies of all material and seam test results.
Each test shall be identified by date of sample, date of test, sample location,
name of individual who performed the test, and standard test method used.

3. Weld Test Summary Report: Submit copies of report showing normal
distribution of all test results, and individual test results identifying the high,
low, and average of the five coupon samples in each test.

1.6 QUALIFICATIONS

A. Manufacturer

1. Manufacturer shall have at least 5 years continuous experience in the
manufacturing of HDPE geomembrane rolls and experience totaling 2 million sq
ft of manufactured HDPE for at least 10 completed facilities.

2. The Manufacturer shall have an internal quality control program that meets
standard industry requirements.

B. Installer

1. The Installer shall have at least 5 years continuous experience in the installation
of HDPE geomembrane and experience totaling 2 million sq ft of installed
HDPE geomembrane for at least 10 completed facilities.

2. The Installer's Superintendent shall have previously managed at least two
installation projects which entail at least 100.000 ft" of HDPE geomembrane.

3. Personnel performing seaming operations shall be qualified by experience or by
successfully passing seaming tests. At least one "Master Seamer" shall have
experience seaming a minimum of 1 million sq. ft. of HDPE geomembrane using
same type of seaming apparatus in use on-site. The "Master Seamer" shall have
experience seaming textured and non-textured material and shall provide direct
supervision, as required, over less experienced seamers.
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C. Quality Assurance Program

Manufacturer/Contractor shall agree to participate in and conform with all items and
requirements of these Specifications and the Construction Quality Assurance Manual
for the Installation of Geosynthetic Components.

1.7 DELIVERY, STORAGE AND HANDLING

A. Deliver and store geomembrane in strict accordance with the manufacturer's
recommendations.

B. Geomembrane delivered to the site shall be inspected for damage, unloaded, and
stored with a minimum of handling. The storage area shall be such that materials are
protected from mud, soil, dirt, and debris. Geomembrane may be stored directly on
prepared level surface, but no more than three rolls in height.

C. The Contractor shall be responsible for coordination and payment of shipping,
unloading, storing, handling and installing geomembrane.

D. Use appropriate handling equipment to load, move or deploy geomembrane rolls.
Appropriate handling equipment includes slings, spreader bars or an equipment
bucket which has been properly protected.

E. Damaged or unacceptable materials shall be replaced at no additional cost to the
Owner.

PART 2 PRODUCTS

2.1 MANUFACTURERS

A. GSE Lining Technology, Inc. (Gundle/SLT), Houston, Texas.

B. Approved Equal

2.2 GEOMEMBRANE

A. The geomembrane shall consist of new, first-quality products designed and
manufactured specifically for the purpose of this work, as satisfactorily demonstrated
by prior use.

B. The geomembrane shall be high-density polyethylene (HDPE) with a UV-stabilized
surface and contain no plasticizers, fillers, chemical additives, reclaimed polymers,
or extenders.
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C. Approximately 2 percent carbon black shall be added to the resin for ultraviolet
resistance.

D. The only other compound elements shall be anti-oxidants and heat stabilizers, of
which up to 1.5 percent total, as required for manufacturing, may be added.

E. The geomembrane shall be supplied as a single-ply continuous sheet with no factory
seams. Rolls shall have a minimum width of 22 feet.

F. The roll length shall be maximized to provide the largest manageable sheet for the
fewest field seams.

G. All rolls shall be identified with a unique roll number printed on a label affixed to the
inside and outside of the roll.

H. Each roll shall have a continuous identification printed on the membrane showing
manufacturer, thickness, material, and date of manufacture.

I. HDPE geomembrane shall meet the following requirements:

HOPE GEOMEMBRANE - SMOOTH

Properties
Liner Thickness, mils (nominal)

Density (g/cc)

Tensile Properties (min. aveg.)

1. Tensile Strength @ Yield (ppi)
2. Tensile Strength @ Break (ppi)
3. Elongation @ Yield (%)
4. Elongation @ Break (7r)

Tear Resistance (min. aveg.)

Dimensional Stability 7r Change
Each direction

Stress Crack Resistance (hrs)

Puncture Resistance (min. aveg.)

Carbon Black Content (9r)
Carbon Black Dispersion

Oxidative Induction Time (OIT)

(a) Standard OIT (min. aveg.)
-or-

(b) High Pressure OIT (min.
aveg.)

Test
Method

ASTMD5199

ASTMD1505-A

ASTM D638 Type IV
Dumb-bell @ 2 ipm
(2.0" Gauge Length)

(NSF 54, Mod.)

ASTM D1004 Die C

ASTM D 1204
212 °F1 hr

ASTM D5397

ASTM 4833

ASTM D 1603
ASTM D5596

ASTM D3895

ASTM D5885

Requirements
60

0.94

126
228
12

700

421bs

± 2

200

108 Ibs
~>

Al, A2andBl

100 minutes

400 minutes

Testing Frequency
(minimum)

Per Roll ^

200.00 Ibs

20.000 Ibs

45.000 Ibs

Per Batch

45.000 Ibs

20.000 Ibs
45.000 Ibs

200.000 Ibs
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Properties
Oven Aging at 85C

(a) Standard O1T (min. aveg.) -
c/c retained after 90 days

-or-

(b) High Pressure OIT (min.
aveg. I - % retained after 90
days

UV Resistance

(a) Standard OIT (min. aveg.)
-or-

(b) High Pressure OIT (min.
aveg.) - (7r retained after
1600hrs

Test
Method

ASTMD5721
ASTM D3895

ASTM D5885

GM 11
ASTM D3895

ASTM D5885

Requirements
557,

80<7r

Not Recommend

50%

Testing Frequency
(minimum)
Per Batch

Per Batch

HOPE GEOMEMBRANE - TEXTURED

Properties
Liner Thickness, mils (nominal)

Density (g/cc)

Asperity Height (mils)

Tensile Properties (min. aveg.)

1. Tensile Strength @ Yield (ppi)
2. Tensile Strength @ Break (ppi)
3. Elongation 7r Yield C7r)
4. Elongation @ Break (7c)

Tear Resistance (min. aveg.)

Low Temperature Brittleness °F

Dimensional Stability <#• Change
Each direction

Stress Crack Resistance (hrs)

Puncture Resistance (min. aveg.)

Carbon Black Content (<7r)
Carbon Black Dispersion

Oxidative Induction Time (OIT)

(a) Standard OIT (min. aveg.)
-or-

Test
Method

ASTM D5 199

ASTM D 1505- A

GM 12

ASTM D638 Type IV
Dumb-bell @ 2 ipm
(2.0" Gauge Length)

(NSF54. Mod.)

ASTM D 1004 Die C

ASTM D746-B

ASTM D 1204
212 °F 1 hr

ASTM D5397

ASTM 4833

ASTM D 1603
ASTM D5596

ASTM D3895

Requirements
60

0.94

10

126
90
12

100

421bs

-107 (max)

± 2

200

901bs
i

Al . A 2 a n d B l

100 minutes

Testing Frequency
(minimum)

Per Roll

200.00 Ibs

Per Roll

20.000 Ibs

45.000 Ibs

—
_ _ _

Per Batch

45.000 Ibs

20.000 Ibs
45.000 Ibs

200.000 Ibs

URS
Geomembrane

02244-9
Revision 2 04/02/01



Properties
(b) High Pressure OIT (min.

aveg.)

Oven Aging at 85 =

(a) Standard OIT tmin . aveg.) -
'/<- retained after 90 days

-or-

(b) High Pressure OIT (min.
ave. I - r/r retained after 90
days

UY Resistance

(a) Standard OIT (min. ave.)
-or-

(b) High Pressure OIT (min.
ave.) - 7c retained after 1600
hrs

Test
Method

ASTM D5885

ASTMD5721
ASTM D3895

ASTM D5885

GM 11
ASTM D3895

ASTM D5885

-
Requirements

400 minutes

—
55<7r

80<7r

Not Recommend

50<7r

Testing Frequency
(minimum)

Per Batch
--

Per Batch

J. Geomembrane shall not have striations, roughness, pinholes or bubbles on the
surface

2.3 EXTRUDATE

A. Extrudate shall be made from the same resin as the geomembrane.

B. Additives shall be thoroughly dispersed in the extrudate.

C. Additives shall be free of contamination by moisture or foreign matter.

2.4 FIELD SEAMS

A. Approved processes for seaming are extrusion welding and fusion double seam
welding. Fusion double seam welding is the preferred method for joining long,
straight seams. Extrusion welding is the preferred seaming method in areas such as
comers, sumps, pipe penetrations, tear repairs and cap strips where fusion double
seam welding is not feasible.

B. Only apparatus which has been specifically approved by make and model shall be used.

C. Proposed alternate processes shall be documented and submitted by the Contractor for
approval by the Construction Manager.

D. Resin used for extrusion welding shall be produced from same resin type as
geomembrane.
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E. Physical properties of the welding resin shall be the same as those of the resin used in
the geomembrane.

F. Geomembrane seams shall meet following requirements:

HOPE GEOMEMBRANE
SEAM PROPERTIES

Property

Shear Strength (at
yield point)

Peel Adhesion
Fusion

Peel Adhesion
Extrusion

Qualifier

minimum

minimum

minimum

Unit

Ib/in. width

Ib/in. width

Ib/in. width

Specified Value

120andFTB'

lOOandFTB1

lOOandFTB1

Test Method

ASTM D 4437

ASTM D 4437

ASTM D 4437

Note:

Film Tear Bond (FTB) is defined as failure of one of the sheets by tearing,
instead of separating from the other sheet at the weld interface area (i.e., sheet
fails before the weld fails).

2.5 EQUIPMENT

A. Welding Equipment:

1. The Contractor shall provide welding equipment equipped with gauges
showing temperatures at the nozzle (extrusion welder) or at the wedge (wedge
welder), or have the equipment capable of measuring the temperature of the
nozzle (hot air).

2. Equipment shall be maintained in adequate number to avoid delaying work,
and shall be supplied by a power source capable of providing constant voltage
under a combined-line load.

3. Electric generator shall not be placed on the membrane, unless otherwise
approved by the Construction Manager.

B. Field Tensiometer:

1. The Contractor shall provide a tensiometer for onsite shear and peel testing of
aeomembrane seams.

URS
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2. The tensiometer shall be motor driven and have jaws capable of traveling at a
measured rate of two (2) inches per minute.

3. The tensiometer shall be in good working order, built to ASTM specifications,
and accompanied by evidence of recent calibration.

4. It shall be equipped with a gauge that measures the force in unit pounds exerted
between the jaws and have a digital readout.

C. Punch Press:

1. The Contractor shall provide a punch press for the onsite preparation of
specimens for testing.

2. The press shall be capable of cutting specimens in accordance with ASTM
D4437.

D. Vacuum Box:

1. The Contractor shall provide a vacuum box for onsite testing of geomembrane
seams.

2. The vacuum box shall have a transparent viewing window on top and a soft,
closed-cell neoprene gasket attached to the bottom.

3. The housing shall be rigid and equipped with a bleed valve and vacuum gauge.

4. A separate vacuum source shall be connected to the vacuum box.

5. The equipment shall be capable of inducing and holding a vacuum of 5 psi.

E. Air Pressure Testing (for double seam with an enclosed space):

1. The equipment shall consist of a manual or motor driven air pump equipped
with a pressure gauge.

2. The equipped shall be capable of generating and sustaining pressure over 25
psi.

3. Equipment shall be mounted on a cushion to protect the geomembrane.

4. It shall be equipped with a rubber hose with fittings and connections along with
a sharp hollow needle.

5. Other pressure feed devices with a gauge and an accuracy of one (1) psi may be
used, as approved by the Construction Manager.
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PART 3 EXECUTION

3.1 SURFACE CONDITIONS

A. Contractor shall remove all gravel and other protrusions from geomembrane subgrade.
Grade stakes or hubs shall also be removed from subgrade prior to geomembrane
placement.

B. Special care must be taken to maintain prepared soil surface. Soil surface shall be
observed daily to evaluate desiccation cracking. Damage to subgrade shall be repaired
to the satisfaction of the Construction Manager.

C. Do not place geomembrane in area which has become softened by precipitation.

D. Contractor shall certify to the Construction Manager in writing daily that the surface on
which the geomembrane will be placed is acceptable.

3.2 PREPARATIONS

A. Damage to geomembrane subsurface during geomembrane deployment or other
activities shall be repaired prior to installation.

B. Subgrade shall be smooth and consist of clean fine graded material free of rocks,
protrusions, sharp objects and deleterious material of any kind.

C. Edges of excavations and grade changes should be rounded to a minimum six (6)
inch radius.

D. Geomembrane material may be placed when air temperature is greater than 35°F, and
increasing or less than 100°F, unless other limits are approved, in writing, by the
Construction Manager.

E. Do not place during precipitation in presence of excessive moisture (e.g., fog, dew), in
area of ponded water, or during excessive winds.

3.3 ANCHOR TRENCH

A. The anchor trench shall be excavated by the Contractor to the lines and grades shown
on the Plans prior to geomembrane deployment.

B. Contractor shall remove all loose soil from the anchor trench prior to geomembrane
deployment No loose soil shall be allowed to underlie the geomembrane.

C. Excavated surface of the anchor trench shall be protected by the Contractor from
desiccation or excessive moisture.
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D. Contractor shall not damage geomembrane during backfill placement in anchor
trench.

3.4 DEPLOYMENT

A. Each panel deployed shall be assigned a simple and logical identifying code
consistent with the submitted panel layout drawings.

B. No more panels shall be deployed in one day that can be welded during that same
day.

C. Tack welding may be acceptable as a temporary measure; however, tack welded
panels shall not be left overnight.

D. Panels shall be shingled on all slopes such that the upper panel of a cross-seam is
overlapped above the lower panel.

E. Panels shall be oriented perpendicular to the line of the slope crest (i.e., down and
not across slope) anchored securely and deployed down the slope in a controlled
manner. Panels shall not be pulled up the slope.

F. Ballast, that will not damage the geomembrane, shall be used to prevent uplift due to
wind. Methods used shall minimize wrinkles.

G. Contractor shall securely anchor the geomembrane on a daily basis to prevent "pull-
out" from the anchor trench with materials and methods approved by the
Construction Manager. Special attention should be given to geomembrane shrinkage
overnight.

H. Folds shall be immediately removed on all installations.

I. Personnel walking on the geomembrane shall not engage in activities or wear types
of shoes, that could damage the geomembrane.

J. Smoking shall not be permitted while working on the geomembrane.

K. Vehicular traffic directly on the geomembrane shall not be permitted.

L. Equipment shall not damage the geomembrane by handling, trafficking, leakage of
hydrocarbons, or any other means.

M. The geomembrane surface shall not be used as a work area, for preparing patches,
storing tools and supplies, or other uses. If needed, a protective cover may be spread
out as a work surface.

N. Material shall be placed in a manner to allow for geomembrane shrinkage,
contraction and to avoid bridsina.
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3.5 SEAMING

A. Seam Layout

1. In general, orient end seams (traverse) parallel to line of maximum slope, i.e..
oriented along, not across, slope. In comers and odd-shaped geometric locations,
minimize numbers of field seams.

2. Seam coding system shall be compatible with panel coding system.

3. During welding operations, at least one Master Seamer shall be present and
shall provide supervision over other welders.

4. The surface of the geomembrane shall be clean of grease, moisture, dust, dirt,
debris, or other foreign material.

5. Solvents or adhesives shall not be used unless the product is approved in
writing by the Construction Manager.

6. Panels shall overlap by a minimum of four (4) inches for all welds.

7. Seams shall be welded to the outside edge of panels placed under anchor berms
or in anchor trenches.

8. Fishmouths or wrinkles at seam overlaps shall be cut to achieve a flat overlap.

9. The cut fishmouths or wrinkles shall be extrusion welded or patched where the
overlap is more than three (3) inches.

10. When there is less than three (3) inches overlap, an oval or round patch
extending a minimum of six (6) inches beyond the cut in each direction shall
be used.

11. Seams shall be welded only when ambient temperature is between 35°F and
100°F as measured 6 inches above the geomembrane surface unless other
limits are approved in writing by the Engineer.

B. Extrusion Seaming

1. Adjacent panels shall be tack bonded together using procedures that do not
damage the geomembrane, allow required tests to be performed, and are not
detrimental to final seaming.

2. Welding apparatus shall be free of heat-degraded extrudate before welding.
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3. The geomembrane surface shall be abraded a maximum of 1/4 inch beyond the
weld bead area, using a disc gnnder, or equivalent, not more than one hour
before extruding seam.

4. The ends of all seams, which are more than five (5) minutes old, shall be
ground when restarting the weld.

5. Grinding depth shall not exceed ten (10) percent of the liner thickness.

6. Use apparatus equipped with gauges giving temperature in apparatus and at
nozzle.

7. Provide documentation of extrudate to the Construction Manager and certify that
extrudate is compatible with specifications and is comprised of same resins as
geomembrane.

8. Maintain one spare operable seaming apparatus on-site. Equipment used for
seaming shall not damage geomembrane. Protect geomembrane from damage in
heavily trafficked areas.

9. Purge extruder prior to beginning seam until all heat-degraded extrudate has been
removed from barrel.

10. Place electric generator on smooth base. Place smooth insulating plate or fabric
beneath hot welding apparatus after use.

C. Fusion Seaming

1. Welding apparatus shall be automated, vehicular-mounted, and equipped with
gauges indicating applicable temperatures and pressures.

2. Edges of cross seams shall be ground smooth including top and bottom prior to
welding.

3. Maintain one spare operable seaming apparatus on-site. Equipment used for
seaming shall not damage geomembrane. Protect geomembrane from damage in
heavily trafficked areas.

D. Trial Welds

1. Trial welds shall be performed on geomembrane samples to verify welding
equipment operations and performance of seaming methods and conditions.

2. Minimum of two (2) trial welds per day or shift per welding apparatus shall be
made, one made prior to the start of work and one completed at mid shift.
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3. Welds shall be made under the same surface and environmental conditions as
the production welds (i.e.. in contact with geomembrane subsurface and similar
ambient temperature).

E. Trial Weld Testing

1. Sample shall be at least three (3) feet long and two (2) feet wide with the seam
centered lengthwise.

2. Three (3), 1-inch wide test strips shall be cut from the trial weld.

3. Each of the specimens shall be tested in the field by the Contractor for peel and
shear using a digital tensiometer.

4. Remaining sample shall be retained for future testing.

5. A trial weld specimen shall pass when the results are achieved for both peel
and shear tests as shown herein. For double-wedge welding, both welds shall
be individually tested and both shall be required to pass in peel,

6. Seaming apparatus or seamer shall not be accepted and shall not be used for
seaming until deficiencies are corrected and two consecutive successful full trial
seams are achieved

3.6 MATERIAL QUALTY EVALUATION

A. Contractor shall submit an affidavit and/or quality control certificate signed by the
geomembrane manufacturer certifying that the geomembrane blankets and/or rolls
meet or exceed specified requirements to the Construction Manager for approval
prior to geomembrane deployment.

B. Preinstallation material quality evaluation testing shall be performed as follows:

1. Raw material for seomembrane and extrudate rod or bead:

• ASTM D792
• ASTM D1238, Condition E
• ASTM D746

Geomembrane Roll:

1 per batch
1-per batch
1 per batch

ASTM D5199
ASTM D638
ASTM D1505-A
ASTM D1004, Die C
ASTM D4833
ASTM D1603

Continuous or 25 per sheet
1 per 50.000 ft2

1 per 50,000 ft2

1 per 50,000 ft2

1 per 50,000 ft2

1 per 100,000 ft2
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C. Conformance Testing

1. Samples shall be obtained at a frequency of one sample per 50,000 square feet.

2. The Contractor shall obtain samples and forward them to a laboratory
designated by the Construction Manager.

3. Tests shall be performed to determine geomembrane Density (ASTM D1505).
Thickness (ASTM D5199) and Tensile Strength (ASTM D 638).

4. The sample shall be across the entire width of the roll excluding the first three
(3) feet, and shall be cut three (3) feet long by width of roll.

5. Within 30 days of contract award, Contractor shall submit the results of the
following interface shear tests:

• Smooth HDPE - Compacted Soil

• Smooth HDPE - Geonet

• Textured HDPE - Geonet

• Textured HDPE - Geosynthetic Clay Liner

These tests shall be performed in accordance with ASTM D 5321.

3.7 CONSTRUCTION QUALTY EVALUATION

A. Contractor shall non-destructively test all field seams over their full length using a
vacuum test unit, air pressure (for double fusion seams only), or other approved
methods. Non-destructive testing shall be carried out daily as the seaming progresses
and not at completion of all seaming or at the completion of the day.

B. Vacuum testing shall conform to the following requirements:

1. The equipment shall consist of 2 vacuum box assemblies consisting of a rigid
housing, a transparent viewing window, a soft neoprene gasket attached to the
bottom, a port hole or valve assembly, a vacuum gauge, a vacuum pump
assembly equipped with a pressure control, a rubber pressure/vacuum hose
with fittings and connections, a soapy solution and an applicator.

2. Testing shall conform to the following procedure: Brush soapy solution on
geomembrane (approximately 12" x 36"). Place vacuum box over the wetted
seam area. Close bleed valve and open vacuum valve, and ensure that a leak-
tight seal is created. Apply a vacuum of approximately five (5) psi. Examine
the geomembrane through the viewing window for the presence of soap
bubbles for not less than fifteen (15) seconds. All areas where soap bubbles
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appear shall be marked and repaired as described in this Section. If no
bubble(s) appear after 15 seconds, close vacuum valve and open bleed valve.
move box over next adjoining area with minimum three (3) inches overlap, and
repeat process.

C. Air Pressure Testing (for double seam with an enclosed space):

1. The equipment shall consist of an air pump (manual or motor driven) equipped
with a pressure gauge capable of generating and sustaining pressure over
twenty-five (25) psi and mounted on a cushion to protect the geomembrane. a
rubber hose with fittings and connections, a sharp hollow needle, or other
approved pressure feed device, and a gauge with an accuracy of one (1) psi.

2. Testing shall conform to the following procedure: Seal both ends of the seam
to be tested. Insert needle or other approved pressure-feed device into the
channel created by the double-wedge weld. Energize the air pump to a
minimum pressure of twenty-five (25) psi, close the valve, and sustain the
pressure for at least five (5) minutes. If pressure loss exceeds two (2) psi or
does not stabilize, locate faulty area and repair as described in this Section.
Puncture opposite end of the seam to release air. If blockage is present, locate
and test seam on both sides of blockage. Remove needle or other approved
pressure-feed device and seal penetration holes by extrusion welding.

D. Spark Testing: For those extrusion welded seams which are unable to be tested by a
vacuum box, the spark test method shall be used with a 24-gauge copper wire placed
1/8" under the top sheet overlap and a Holiday detector operating at 20,000 volts.

E. Field seam locations that cannot be non-destructively tested by the Contractor as
determined by the Construction Manager shall be cap-stripped using the same
materials as the underlying geomembrane.

3.8 DESTRUCTIVE TESTING

A. Sample Location

1. Collect destructive test samples at a minimum frequency of one test per 500
feet of seam length. Test locations shall be determined during seaming.
Locations may be prompted by appearance of excess heating, contamination,
offset welds, or suspected defect. The Construction Manager shall be
responsible for choosing the locations. The Construction Manager shall not
notify the Contractor in advance of selecting locations where seam samples
will be taken.

2. The Contractor shall cut samples at locations designated by the Construction
Manager as the seaming progresses to obtain-laboratory test results before the
geomembrane is covered. The Construction Manager shall number each
sample and mark the sample number and location on the panel layout drawing.
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3. The Contractor shall immediately repair all holes in the geomembrane resulting
from destructive sampling. The continuity of the repair shall be vacuum tested
in accordance with this Section.

4. The destructive sample shall be eighteen (18) inches wide by forty-two (42)
inches long with the seam centered lengthwise. The sample shall be cut into
three (3) equal parts for distribution to the Contractor, the Laboratory and the
Owner for archiving.

B. Laboratory Testing

1. Samples shall be tested in peel and shear (ASTM D4437).

2. All tests shall exhibit a Film Tearing Bond type of separation in which the
geomembrane material tears before the weld.

3. At least five (5) coupons shall be tested by each test method.

4. Four (4) of the five (5) coupons shall meet the minimum requirements stated
herein.

5. Test results shall be provided verbally within 24 hours after receiving samples,
and within three (3) days in written form.

C. Destructive Test Failure

1. One of two options shall be followed:

a. Option 1: Reconstruct the seam between any two (2) passed test
locations.

b. Option 2: Trace the weld to an intermediate location at least ten (10) feet
minimum or to where the seam ends, in both directions from the location
of the failed test to collect a destructive test sample at both locations.
Check the next seam welded using the same welding device if required to
obtain an additional sample (i.e., if one side of the seam is less than ten
(10) feet long). Bounding laboratory samples shall be taken, and
destructive testing shall be performed per this Section. If the bounding
samples pass, then the seam shall be reconstructed between the test
sample locations. If any additional samples fail, then the process shall be
repeated to establish the zone in which the seam shall be reconstructed.

2. Reconstruction methods shall include extrusion welding of previously wedge
welded seams, cap stripping of seam, or replacing seam with a new one (1) foot
wide panel and welding in place.
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D. Acceptable seams shall be bounded by two locations from which samples have
passed destructive tests. For reconstructed seams exceeding fifty (50) feet, a sample
taken from within the reconstructed seam shall also pass destructive testing.
Whenever a sample fails, additional testing may be required for seams that were
welded by the same welder and welding apparatus or were welded dunng the same
shift.

3.9 DEFECTS AND REPAIRS

A. The geomembrane shall be examined for defects, holes, blisters, undispersed raw
materials, and any sign of contamination by foreign matter.

B. The geomembrane surface shall be clean at the time of the examination.

C. Each suspect location shall be repaired and non-destructively tested.

D. Geomembrane shall not be covered at locations which have been repaired until test
results with passing values are available.

E. Damaged geomembrane shall be removed and replaced with acceptable
geomembrane if damage cannot be satisfactorily repaired.

F. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or non-
destructive test shall be repaired.

G. The Contractor shall be responsible for repair of damaged or defective areas. One of
the procedures listed below shall be recommended by the Contractor and approved
by the Engineer:

1. Patching: Used to repair large and small holes, tears, undispersed raw
materials, and contamination by foreign matter.

2. Abrading and Re-welding: Used to repair small seam sections (less than
twelve (12) inches long).

3. Spot Welding: Spot welding is not allowed.

4. Capping: Used to repair large lengths of failed seams.

5. Removing unsatisfactory material and replacing with new material.

H. Geomembrane surfaces to be repaired shall be abraded (extrusion welds only) no
more than 1/2 hour prior to the repair.

1. Patches or caps shall extend at least six (6) inches beyond the edge of the
defect, and all comers of material to be patched and the patches shall be
rounded to a radius of at least four (4) inches.
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2. The geomembrane below large caps shall be cut to avoid water or gas
collection between the two sheets.

I. Repairs shall be verified using the following procedure:

1. Each patch repair shall be non-destructively tested using methods specified in
this Section.

2. Destructive testing may be required at the discretion of the Construction
Manager.

3.10 GEOMEMBRANE ACCEPTANCE

A. Contractor shall retain all ownership and responsibility for the geomembrane until
final acceptance by the Construction Manager.

B. Construction Manager will accept the geomembrane installation when the installation
is finished and all required documentation from the Contractor has been received and
approved, and verification of the adequacy of all field seams and repairs, including
associated testing, is complete.

3.11 MATERIALS IN CONTACT WITH GEOMEMBRANE

A. General

1. Carefully install materials in contact with geomembrane surfaces to minimize
damage potential.

2. Clamps, clips, bolts, nuts, or other fasteners used to secure geomembrane to each
appurtenance shall have lifespan equal to or exceeding geomembrane's.

B. Pipes and Other Appurtenances

1. Install geomembrane around appurtenances, such as pipes, protruding through
geomembrane as shown in Plans. Unless otherwise specified, initially install
geomembrane sleeve or apron around each appurtenance prior to geomembrane
installation.

2. After material is placed and seamed, complete final field seam connection
between appurtenance sleeve or apron and geomembrane. Maintain sufficient
initial overlap of appurtenance sleeve so shifts in location of geomembrane can
be accommodated.
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Extreme care shall be taken while seaming around appurtenances because both
nondestructive and destructive seam testing might not be feasible. Do not
damage geomembrane while making connections to appurtenances.

END OF SECTION 02244
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SECTION 02245

GEOSYNTHETIC CLAY LINER (GCL)

PART 1 GENERAL

1.1 SECTION INCLUDES

A. This section includes the requirements for procurement, transportation, storage,
handling, installation, and protection of geosynthetic clay liner (GCL).

1.2 REFERENCES

A. American Society for Testing Materials (ASTM)

1. ASTM E 496 - Test Method for Plate Water Absorption of Cohesive Soils.

2. ASTM D 4643 - Test Method for Determination of Water Content of Soil
(modified)

3. ASTM D 5084- Test Method for Measurement of Hydraulic Conductivity of
Saturated Porous Materials Using a Flexible Wall Permeameter (modified).

4. ASTM D 5321- Test Method for Determining the Coefficient of Soil an
Geosynthetic or Geosynthetic Friction by the Direct Shear
Method.

5. ASTM D 3776- Test Method for Mass Per Unit Area of Textiles.

6. ASTM D 4632 - Test Method for Grab Breaking Load and Elongation of
Geotextiles.

7. ASTM D 3786 - Test Method for the Mullen Burst Strength of Textiles.

B. U.S. Pharmacopoeia - National Formulary XVII, page 1210

1. USP-NF-XVD - Test Method for the Free Swell of Bentonite Clay.

C. Geosynthetics Research Institute, Drexel University

1. GRI-GCL-1 - Test Method for the Confined Swell of Geosynthetic Clay
Liners.
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1.3 SUBMITTALS

A. Pre-installation: Submit the following to the Engineer for approval prior to GCL
deployment.

1. Manufacturer's specification for GCL which includes properties contained in
Tables 1 and 2.

2. Written certification that the GCL meets the properties listed in Tables 1 and 2.

3. Written certification that GCL manufacturer has continuously inspected GCL
for the presence of needles and found GCL to be needle-free.

4. Written certification from the GCL manufacturer that the bentonite will not
shift during transportation or installation thereby causing thin spots in the body
of the GCL.

5. Quality control certificates signed by a responsible entity of the GCL
manufacturer. Each quality control certificate shall include roll identification
numbers, and results of quality control tests. At a minimum, results shall be
given for tests and corresponding methods specified in Tables 1 and 2.

6. Written certification that sealing material is made of same natural sodium
bentonite as the GCL.

B. Installation: Submit the following as installation proceeds: Subgrade surface
acceptance, signed by the Contractor for each area that will be covered directly by
GCL.

1.4 DELIVERY, STORAGE AND HANDLING

A. Packing and Shipping

1. GCL shall be supplied in rolls wrapped individually in relatively impermeable
and opaque protective covers.

2. GCL rolls shall be marked or tagged with the following information:

a. Manufacturer's name

b. Product identification

c. Roll number

d. Roll dimensions
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e. Roll weight

B. Storage and Protection:

1. The Contractor shall provide on-site storage area for GCL rolls from time of
delivery until installation. Rolls of GCL will be stored off the ground from
time of delivery until they are installed.

2. After Contractor mobilization, store and protect GCL from dirt, water,
ultraviolet light exposure, and other sources of damage.

3. Preserve integrity and readability of GCL roll labels.

PART 2 PRODUCTS

2.1 MATERIALS

A. The active ingredient of the GCL shall be natural sodium bentonite. The bentonite
shall be encapsulated between two polypropylene textiles.

B. For side slopes steeper than 7H:1V the GCL shall be needle punched with high
strength polypropylene thread to provide internal shear strength reinforcing. The
internal shear reinforcing mechanism shall resist failure due to thread pull-out over
long-term creep situations.

C. The textiles shall be sufficiently porous to allow bentonite flow-through such that the
permeability of the overlap seams is equal to or less than the permeability of the body
of the GCL sheet without the addition of granular or paste bentonite.

D. The non-reinforced GCL material shall have the following minimum properties:
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TABLE 1

Test Designation

Bentonite Swell Index

Bentonite Fluid Loss

Bentonite Mass/ Area

GCL Grab Strength

GCL Peel Strength

GCL Index Flux

GCL Permeability

GCL Hydrated Internal
Shear Strength

Test Method

ASTM D 5890

ASTM D 5890

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D5084

ASTM D 5321

Test Frequency

1 per 50 tonnes

1 per 50 tonnes

40,000 ft2

200.000 tr

N/A

Weekly

Weekly

Periodic

Report Value

24 mL/2g min.

18 mL max.

0.75 Ib/fr

751bs

N/A

lxlO"8m :Vm :/sec

5xlO'9cm/s

50 psf Typical

The reinforced GCL material shall have the following minimum properties:

TABLE 2

F.

Material Property

Bentonite Swell Index

Bentonite Fluid Loss

Bentonite Mass/ Area

GCL Grab Strength

GCL Peel Strength

GCL Index Flux

GCL Permeability

GCL Hydrated Internal
Shear Strength

Test Method

ASTM D 5890

ASTM D 5890

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D5084

ASTM D 5321

Test Frequency

1 per 50 tonnes

1 per 50 tonnes

40,000 ft2

200.000 ft2

40.000 ft2

Weekly

Weekly

Periodic

Required Values

24 mL/2g min.

18 mL max.

0.75 lb/ft2

90 Ibs

15

IxlO"8 m3/rrr/sec

5xlO-"cm/s

500 psf Typical

The bentonite shall be continuously adhered to both geotextiles to ensure that the
bentonite wi l l not be displaced during handling, transportation, storage and
installation, including cutting, patching and fitting around penetrations.

The bentonite sealing compound or bentonite granules used to seal penetrations and
make repairs shall be made of the same natural sodium bentonite as the GCL and
shall be as recommended bv the GCL manufacturer.
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PART 3 EXECUTION

3.1 SUBGRADE PREPARATION

A. The Construction Manager shall obtain certification from the Installer that the surface
on which the GCL will be placed is acceptable. The Certificate of Acceptance shall be
provided prior to GCL installation.

B. After the surface has been accepted by the Installer, it is the Installer's responsibility to
indicate to the Construction Manager any change in surface condition that may require
repair. If the Construction Manager concurs with the Installer, then the Earthwork
Subcontractor shall be notified and the Construction Manager shall confirm that the
surface is repaired.

C. The subgrade shall be maintained at the specified moisture content until covered by the
GCL. Upon placement of panel(s), the Installer is responsible for maintaining/repairing
the surface covered by the GCL unless otherwise agreed.

3.2 EXAMINATION

A. The Engineer will collect samples of GCL to be installed for conformance testing.

3.3 INSTALLATION

A. GCL Deployment: Handle GCL in a manner to ensure it is not damaged. At a
minimum, comply with the following:

1. On slopes, anchor the GCL securely and deploy it down the slope in a
controlled manner.

2. Weight the GCL with sandbags or equivalent in the presence of wind.

3. Cut GCL with a geotextile cutter (hook blade), scissors, or other approved
device. Protect adjacent materials from potential damage due to cutting of
GCL.

4. Prevent damage to underlying layers during placement of GCL.

5. During GCL deployment, do not entrap in or beneath GCL, stones, trash, or
moisture that could damage GCL.

6. Visually examine entire GCL surface. Ensure no potentially harmful foreign
objects such as needles are present.

7. Do not place GCL in the rain or at time of impending rain.
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8. Do not place GCL in areas of ponded water.

9. Replace GCL that is hydrated before placement of overlying geomembrane.

10. In general, only deploy GCL that can be covered during that day by
geomembrane or a minimum of twelve (12) inches of approved cover soil.

11. Orient the preferred GCL surface in relation to prepared soil or other
geosynthetics as directed by the Representative.

12. On side slopes, run GCL to the bottom of the slope as indicated.

13. Seam areas or runs shall also be flat and clear of any large rocks, debris or ruts.

14. Contacting surfaces shall be clean and clear of dirt or native soil with all edges
pulled tight to maximize contact and to smooth out any wrinkles or creases.

15. Overlaps shall be a minimum of six (6) inches.

16. A proper seam shall cover the six (6) inch lap line and leave the nine (9) inch
match line exposed.

17. The Contractor shall only work on an area that can be completed in one
working day.

18. Completion shall be defined as the full installation and anchoring of the liner
and placement of the overlying specified geomembrane liner.

B. Overlaps:

1. On slopes, overlap GCL to the manufacturer's match line

2. In general, no horizontal seams are allowed on side slopes. Any horizontal
seams on side slopes will be overlapped so that liquid will run from the top of
the higher panel to the top of the lower panel. GCL shall not be placed so that
liquid from a higher panel can run underneath a lower panel.

3. Apply granular bentonite to overlapped area at a rate of 1/4 pound per linear
foot.

4. At sumps, overlap GCLs at least one (1) foot.

5. At bottom of collection sumps, unroll an extra layer of GCL on top of
previously installed GCL. Avoid placing seams on top of underlying seams.

6. Seams shall be augmented with granular bentonite to ensure seam integrity.
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7. Granular bentonite shall be dispersed evenly from the panel edge to the lap line
at a minimum rate of V* pound per linear foot continuously along all seams or
overlap areas.

8. Accessory bentonite shall be of the same type as the material within the
composite liner itself. Adhesives may be used on seams to keep panels in
contact during backfill operations, if necessary.

C. Defects and Repairs:

1. Repair all flawed or damaged areas by placing a patch of the same material
extending at least one (1) foot beyond the flaw or damaged area.

2. Treat seams of repaired areas as per stated in Overlaps above.
3. The edges of the patch shall be fastened to the repaired liner with construction

adhesive, in addition to the bentonite-enhanced seam.

D. Interface with Other Products: Ensure the following when deploying overlying
material.

1. GCL and underlying materials are not damaged.

2. Minimal slippage of GCL on underlying layers occurs.

3. No excess tensile stresses occur in GCL.

3.4 ANCHOR TRENCH SYSTEMS

A. Anchor trenches shall be excavated to the lines and grades shown on the Drawings
prior to placement of the GCL.

B. To minimize desiccation of the clay, no more than the amount of trench required for
the GCL to be anchored in one day shall be excavated.

C. The corners of the anchor trench where the GCL enters the trench shall be rounded to a
smooth radius prior to the installation of the GCL.

D. No loose soil shall be allowed to underlie the GCL in the anchor trench.

E. The GCL shall be temporarily anchored with sand bags or other approved means until
the overlying geosynthetics are placed and secured.
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3.5 EQUIPMENT

A. Storage

1. Wooden pallets for above ground storage of GCL.

2. Heavy, waterproof tarpaulin for protecting unused GCL.

B. Installation

1. Equipment used for GCL deployment shall utilize a spreader bar to prevent
slings from damaging edges.

2. Steel pipe shall be inserted into roll core for lifting.

3. Sand bags for securing tarpaulin.

4. 3-inch wide grips for moving GCL panels into place for each installation
technician.

5. Bentonite Sealing Compound and/or Granular Bentonite for securing around
penetrations and structures.

6. Equipment used for the placement of all liners above the GCL shall not exceed
a ground pressure of four (4) psi.

3.6 CONFORMANCE TESTING

A. Within 30 days of award, Contractor shall submit the results of the following interface
friction tests:

Compacted Soil -
Textured HDPE -

Geosynthetic Clay Liner ASTM D 5321
Geosynthetic Clay Liner ASTM D 5321

END OF SECTION 02245
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SECTION 02246

GEONET

PART 1 GENERAL

1.1 SECTION INCLUDES

A. This section includes the requirements for geonet procurement, transportation,
storage, handling and installation.

1.2 REFERENCES

A. ASTM D413 - Standard Test Methods for Rubber Property - Adhesion to
Flexible Substrate.

B. ASTM D792 - Test Method for Specific Gravity (Relative Density) and Density
of Plastics by Displacement.

C. ASTM D1238 - Standard Test Method for Flow Rates of Thermoplastics by
Condition E Extrusion Plastometer.

D. ASTM D1505 - Test Method for Density of Plastics by the Density - Gradient
Technique.

E. ASTM D1603 - Test Method for Carbon Black in Olefin Plastics.

F. ASTM D4439 - Terminology for Geosynthetics.

G. ASTM D4716 - Standard Test Method for Constant Head Hydraulic Transmissivity
(In-plane Flow) of Geotextiles and Geotextile Related Products.

H. ASTM D4595 - Test Method for Tensile Properties -of Geotextiles by the Wide
Width Strip Method.

I. ASTM D5199 - Test Method for Measuring Nominal Thickness of Geotextiles and
Geomembranes.

1.3 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer, Installer
__________and Geosynthetic Testing Laboratory.
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2. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement, transport, stockpiling
or use.

3. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.

4. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities.

5. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of
survey information signed and sealed by a Illinois licensed surveyor shall be
submitted within 1 day of receipt.

6. Contractor shall submit signed documentation that the geonet was installed in
accordance with the Plans and Specifications.

B. Manufacturer

The Manufacturer shall submit the following prior to installing geosynthetics:

1. A list of material properties including certified test results attached to samples of
the proposed geosynthetic material.

2. The origin and identification of the resin used to manufacture the product.

3. Submit all quality control documentation required by these Specifications prior to
installation.

C. Installer

The Installer shall submit the following prior to installation:

1. Resume of superintendent to be assigned to the project including dates/duration
of employment. The superintendent shall have demonstrated experience of two
similar projects.

2. A list of personnel to be performing field seaming operations with pertinent
experience information.

3. All geosynthetic quality control certificates.
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1.4 TESTING

A. Contractor shall retain the services of an independent testing laboratory. At a
minimum. Contractor shall be responsible for providing the following quality control
information:

1. Compliance testing for installed geosynthetics.

2. Quality control testing during construction.

B. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

C. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

D. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.

1.5 QUALITY ASSURANCE

A. Geonet shall be free of defects, rips, holes, or flaws.

B. It shall be manufactured in widths and lengths that will permit installation of geonet
with as few laps as possible.

C. Geonet shall be marked with the Manufacturer's name, product identification, lot
number, roll number, and roll dimensions.

D. Contractor shall provide a storage area such that geonet is protected from mud, dirt,
dust, debris, and exposure to ultraviolet (UV) light and heat.

E. Contractor shall submit all material and workmanship warranties for the geonet
installation.

1.6 GEONET TRANSPORTATION, HANDLING, AND STORAGE

A. Transportation of geonet is responsibility of Contractor, who shall be liable for all
damages to geonet prior to and during transportation to Site.

B. Handling, storage, and care of geonet on-site is responsibility of Contractor prior to,
during and after geonet installation.
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C. Contractor shall retain ownership of geonet until installation is accepted by the
Construction Manager. Contractor shall be liable for all damages to geonet incurred
prior to final acceptance of installation by Construction Manager.

PART 2 PRODUCTS

2.1 GEONET

A. Provide products for the geonet compnsed of high-density polyethylene (HDPE). The
geonet shall be manufactured by extruding two sets of strands to form a three
dimensional structure to provide plane flow and shall meet the following minimum
average roll values except as noted.

GEONET PROPERTIES
Property

Density

Thickness

Melt Flow Index

Carbon Black Content

Tensile Strength at Break:
• Machine Direction
• Cross Direction

Transmissivity

Test

ASTMD792orD1505

ASTMD5199

ASTMD1238

ASTMD1603

ASTM D4595
ASTM D4595
ASTMD4716

Value

0.90 min.

200 min.

1.0 max.

2-3 range

360 (mm.)
200 (min.)
1.0

Units

g/cucm
mils

g/10 min.

%

Ibs/ft
Ibs/ft

cm/sec

PART 3 EXECUTION

3.1 GEONET PLACEMENT AND HANDLING

A. Handle all geonet in such a manner as to ensure it is not damaged in any way.
Damaged geonet shall not be installed. If geonet is damaged during or after
installation, it shall be replaced.

B. Geonet shall be anchored and installed by rolling it down the slope so as to continually
keep the material in tension.

C. In the presence of wind, geonets shall be weighted with sandbags or equivalent. Such
sandbags shall be installed during placement and shall remain until replaced with
earthen cover material.

URS
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D. Geonets shall he cut using an approved cutter only. If in place, special care must he
taken to protect geomembrane from damage which could be caused by cutting ot
geonets.

E. During placement, care shall be taken not to entrap in geonet stones, excessive dust, or
moisture that could hamper subsequent seaming. If geonet is not free of debris and soil
prior to installation, Contractor shall clean geonet prior to installation.

F. The Contractor shall examine the geonet over the entire surface, after installation, to
ensure that no potentially harmful foreign objects are present. Any foreign objects so
encountered shall be removed by Contractor, or geonet shall be replaced.

G. Geonet shall not be welded or tack welded to the underlying geomembrane.

3.2 QUALITY CONTROL

A. Visual inspections of shipment and storage activities shall be made by the Construction
Manager to assure that the geonet has been protected from ultraviolet light exposure,
precipitation or other inundation, and dirt, dust, puncture, cutting or any other
damaging or deleterious conditions.

B. Contractor shall designate each roll with a roll number (identification code) which is
consistent with the layout plan. The rolls shall be positioned on the site as shown on
the approved layout drawings. Instructions on boxes or wrapping containing the
geotextile materials shall be followed to assure that rolls are unrolled in the proper
direction.

3.3 MATERIAL QUALITY EVALUATION

A. Contractor shall submit an affidavit and/or quality control certificate signed by the
manufacturer certifying that the geosynthetic rolls meet or exceed specified
requirements to the Construction Manager for approval prior to deployment.

B. Preinstallation material quality evaluation testing shall be performed as follows:

• ASTMD5199 4 per roll
• ASTM D792 or D1505 1 per batch
• ASTM D4595 1 per 40,000 ft2

• ASTM D1238 1 per batch
• ASTM D1603 1 per batch

C. Conformance Testing

1. Samples shall be obtained at a frequency of one sample per 50,000 square feet.
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2. The Contractor shall obtain samples and forward them to a laboratory' designated
by the Construction Manager.

3. Tests shall be performed to determine Density (ASTM D792), Thickness (ASTM
D5199) and Tensile Strength (ASTM D751) and Transmissivity (ASTM D4716).

4. The sample shall be across the entire width of the roll excluding the first three (3)
feet, and shall be cut three (3) feet long by width roll.

5. Samples shall be 3 feet long by roll width. Machine direction shall be marked on
sample with an arrow.

3.4 GEONET SEAMS AND OVERLAPS

A. The geonet shall be overlapped at least 4 inches on downslope seams and joined by
colored plastic ties every 5 feet.

B. On transverse (horizontal) seams the geonet shall be overlapped 12 inches and joined
by colored plastic ties every 12 inches. No horizontal seams will be allowed on slopes
greater than 6:1.

C. Metallic devices are not allowed.

D. Seams shall be tied continuously through the anchor trenches and toe drains every 12
inches.

E. Unless prior approval is obtained, no horizontal seams shall be allowed on side slopes.

F. In the event horizontal seams on side slopes can not be avoided, adjacent rolls shall be
tied every 6 inches.

3.5 GEONET REPAIR

A. Any holes or tears in geonet shall be repaired as follows: A patch made from same
geonet material shall overlap the undamaged geonet a minimum of 12 inches on all
sides and tied every 6 inches.

END OF SECTION 02246
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SECTION 02619

CORRUGATED POLYETHYLENE PIPE

PART 1 GENERAL

1.1 SECTION INCLUDES

A. This section includes the requirements for procurement, transportation, storage, han-
dling and installation of corrugated polyethylene pipe and filter fabric as a drainage
conduit for the cover system.

1.2 REFERENCES

A. ASTMD618- Practice for Conditioning Plastics and Electrical Insulating
Materials for Testing.

B. ASTMD1248- Standard Specification for Polyethylene Plastics Molding and
Extrusion Materials.

C. ASTM D2122 - Determining Dimensions of Thermoplastic Pipe and Fittings.

D. ASTM F405 - Standard Specification for Corrugated Polyethylene (PE) Tubing
and Fittings.

1.3 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer, Installer
and Geosynthetic Testing Laboratory.

2. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement, transport, stockpiling
or use.

3. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.

4. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities.
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5. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of sur-
vey information signed and sealed by a Illinois licensed surveyor shall be sub-
mitted within 1 day of receipt.

6. Submit list of minimum property values for the pipe, fittings and filter fabric
including certified test results to the Construction Manager. Material properties
shall be in conformance with those defined herein.

B. Manufacturer

The Manufacturer shall submit the following prior to installing geosynthetics:

1. A list of material properties including certified test results attached to samples of
the proposed geosynthetic material.

2. The origin and identification of the resin used to manufacture the product.

3. Submit all quality control documentation required by these Specifications prior to
installation.

C. Installer

The Installer shall submit the following prior to installation:

1. Resume of superintendent to be assigned to the project including dates/duration
of employment.

2. A list of personnel to be performing field seaming operations with pertinent ex-
perience information.

3. All geosynthetic quality control certificates.

1.4 QUALITY ASSURANCE

A. Filter fabric shall be free of defects, rips, holes, or flaws.

B. During shipment and storage, the pipe shall be wrapped in relatively impermeable and
opaque protective covers.

C. Pipe shall be marked with the manufacturer's name, product identification, lot number,
roll number, and roll dimensions.
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D. Storage area shall be such that filter fabric is protected from mud, dirt, dust, debris.
moisture, and exposure to ultraviolet (UV) light and heat.

E. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

F. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

G. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.

H. Contractor shall submit all material and workmanship warranties for installation of the
pipe.

1.5 TRANSPORTATION, HANDLING AND STORAGE

A. Transportation is the responsibility of the Contractor, who shall be liable for all
damages prior to and during transportation to site.

B. Handling, storage, and care on-site is responsibility of the Contractor prior to, during
and after installation. The Owner will designate adequate storage space on-site.
Contractor shall be liable for all damages incurred prior to final acceptance, except for
those due to negligent actions on part of the Owner.

PART 2 PRODUCTS

2.1 MANUFACTURERS

A. Hancor, Inc. - Hancor Heavy Duty Tubing with Highway Sleeve

B. Advanced Drainage Systems, Inc. - ADS Single Wall with ADS Sock

C. Approved Equal

2.2 PIPE

A. The drainage piping (pipe and fittings) shall be four (4) inch perforated, corrugated,
high density polyethylene (HDPE) piping (i.e., tubing) meeting or exceeding the
criteria below.
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Inside Diameter (in.)

Outside Diameter (in.)

Pitch (in.)

Corrugations

Perforations

Inlet Area (sq in./ft)

• Minimum
• Maximum

4.0

4.6 nominal

0.7

Annular

Slotted (6 per circumference)

2.4
3.8

B. The drain outlets shall meet the above requirements, except perforations (i.e., slots) are
not allowed.

2.3 FILTER FABRIC

A. The filter fabric shall meet the following minimum values:

Size (in.)

Fiber

Specific Gravity

Yarn Denier

Weight (oz/yd2 relaxed)

Weight (oz/yd2 applied)
Cross Stretch (in.)
Melt Point ((°F)
Thickness (in.)
Mullen Burst (psi)
Water Permeability (K) @ 3 gpm
EOS. U.S. Sieve

4

Knitted Polyester

1.3
150-200

5.4

3.5
14.5

450-500
0.04

100-135
0.12
40

B. The filter fabric shall be applied to the pipe by the manufacturer prior to shipment.

PART 3 EXECUTION

3.1 PLACEMENT AND HANDLING

A. Handle all materials in such a manner as to ensure it is not damaged in any way.
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B. Materials shall not be dragged.

C. During placement, care shall be taken not to entrap stones, excessive dust, or moisture
that could hamper subsequent performance. If pipe is not free of debris and soil prior
to installation, Contractor shall clean material prior to installation.

D. The Construction Manager will examine the drainage piping over the entire surface to
ensure that no potentially harmful foreign objects are present. Any foreign objects so
encountered shall be removed by the Contractor, or material shall be replaced.

3.2 INSTALLATION

A. Installation shall be in accordance with manufacture's instructions.

B. Pipe shall be joined with internal or external couplers, or coupling bands and fittings
supplied by the pipe manufacturer covering at least two (2) full corrugations on each of
the pipe ends.

C. The filter fabric shall be completely continuous along the perforated pipe.

D. Filter fabric joints must have a minimum overlap of six (6) inches.

E. The filter fabric shall be secured to the pipe in such a manner that sand bedding shall
not infiltrate through any overlaps.

F. Seal filter fabric at all outlet drain locations such that no water will enter perforations
unless passing through the filter fabric.

G. Contractor shall ensure that the outlet drains have been inspected and approved by the
Construction Manager prior to backfill.

H. Contractor shall protect the ends of the drain pipes from being damaged or from
allowing foreign objects(e.g., debris, sand, filter fabric) from entering the pipes.

I. Each pipe shall be inspected by the Contractor prior to making connections to ensure
pipe is free of foreign objects. Any foreign objects shall be removed by the Contractor.

J. Contractor shall exercise care to thoroughly compact the sand under the haunches of
the pipe and to ensure that the material is in intimate contact with the pipe. The
backfill shall be brought up evenly in layers on both sides of the pipe until the trench is
fill to the required elevation.

K. Contractor shall replace or repair any damaged pipe or filter fabric as directed by the
Construction Manager, at no additional cost the Owner.
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L. The Contractor is responsible for all excavation and backfill required for complete
installation of toe drain outlets.

M. The drain outlets shall be installed on 150 foot centers, as shown on the Plans.

END OF SECTION 02619
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SECTION 02715

LEACHATE COLLECTION SYSTEM RISER PIPES

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Primary and secondary leachate collection system riser pipes.

1.2 REFERENCES

A. ASTMD1505- Density of Plastics

B. ASTM D751 - Standard Test Method for Coated Fabncs

C. ASTM D638 - Standard Test Method for Tensile Properties of Plastics

1.3 SUBMITTALS

A. General

1. Contractor shall submit qualification information on the Manufacturer and
Installer.

2. Contractor shall submit prequalification data on each geosynthetic material to the
Construction Manager for approval prior to procurement, transport, stockpiling
or use.

3. Contractor shall submit results of all quality control data and information to the
Construction Manager within 1 work day of receipt.

4. Contractor shall submit all observations and documentation generated by its
quality control personnel daily for the current day's activities,

5. Contractor shall submit results of all field surveys and documentation within 1
day of generation including copies of data, field books and notes. Copies of
survey information signed and sealed by a Illinois licensed surveyor shall be
submitted within 1 day of receipt.

6. Contractor shall submit HDPE pipe pressure test procedures in writing for
Construction Manager approval.
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B. Manufacturer

1. The Manufacturer shall submit the following prior to installing leachate
collection system riser pipes:

• A list of material properties including certified test results attached to
samples of the proposed HDPE riser pipes.

• The origin and identification of the resin used to manufacture the product.

• Submit all quality control documentation required by these Specifications
prior to installation.

C. Installer

1. The Installer shall submit the following prior to installation:

• Resume of superintendent to be assigned to the project including
dates/duration of employment.

• A list of personnel to be performing installation operations with pertinent
experience information.

• All HDPE pipe quality control certificates.

1.4 TESTING

A. The Contractor shall inspect and ensure all work is in conformance with these
Specifications.

B. Contractor shall inform the Construction Manager prior to conducting all quality
control testing to allow oversight.

C. Contractor shall submit all quality control data (both pre-construction and construction)
with a cover letter signed and sealed by a Illinois registered professional engineer
indicating the requirements of the Specifications were achieved and the data is
representative of the material tested.
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PART 2 PRODUCTS

2.1 GEOPIPE

A. Leachate collection system pipe shall conform to the following minimum material
specifications for HDPE Pipe:

Property

Density (pipe)

Density (natural base resin)

Melt Index, condition E

Melting Point (Vicat Softening
Temperature)

Brittleness Temperature

Thermal Expansion

Thermal Conductivity

Tensile Strength, yield (2.0
in/min.)

Tensile Strength, ultimate (2.0
in/min.)

Elongation (2.0 in/mm.)

Modulus of Elasticity

Flexural Modulus

Long Term Hydrostatic Strength
(LTHS)

Hydrostatic Design Basis (HDB)

Hardness - Shore D

Environmental Stress Crack
Resistance (ESCR), condition C

ASTM
Reference

D1505

D1505

D1238

D1525

D746

D696

C177

D638

D638

D638

D638

D3350

D2837

D2837

D2240

D1693

Nominal
Value

0.955

0.945

0.1-0.2

255

<-180

9X10'5

2.7

>3200

>5000

>800

1 10,000

125,000

1600

1600

66

>5000

Unit

g/cnv1

g/cm"

g/10 min.
op

op

in/in/°F

Btu-in/ft2/hr/°F

psi

psi

percent

psi

psi

psi

psi

hrs.
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B. HDPE Pipe shall meet the following minimum requirements:

C.

Specified Size
(in.)

6

8

12

MinID
(in.)
5.5

7.5

1 1 . 1

Max
SDK1

11

26

26

1 SDR = Standard Dimension Ratio = Pipe OD/Pipe Thickness.

Slotted PE pipe shall have 1/16-inch wide slots on 1/4-inch centers or approved
alternate.

D. Contractor shall perforate one end of the HDPE pipe for a length of 3 feet. Adjacent
rows of the perforations shall be offset by one-half the distance between perforations in
any row.

PART 3 EXECUTION

3.1 PREPARATION

A. Verify all lines and grades of field conditions are as shown on the Plans.

B. Verify that all surfaces have been properly prepared prior to installation of the leachate
collection or detection systems.

3.2 INSTALLING LEACHATE COLLECTION AND DETECTION SYSTEM RISER
PIPES

A. General

1. The leachate collection system riser shall be installed and constructed in accordance
with the lines, grades, dimensions, and cross sections shown on the Plans and as
required by these Specifications.

B. Excavating Riser Pipe Trench

1. The riser pipe trench shall be excavated along the slope of the excavation to the
grades, dimensions, cross-sections, and details shown on the Plans or as directed
by the Construction Manger.

2. Excavate utilizing suitable equipment in a manner approved by the Construction
Manager.

URS
Leachate Collection System Riser Pipes

02715-4
Revision 0 04/02/01



3. Contractor shall not damage installed geosynthetics during excavation.

C. Installing Riser Pipe

1. The HDPE riser pipe (casing) shall be installed to the design lengths indicated on
the Plans in a work area to be designated by the Construction Manager.

2. HDPE pipe shall be welded to construct the length specified on the Plans prior to
placement on the slope. Contractor shall join pipe segments using butt fusion
welding techniques.

3. Positive anchorage of the riser pipe to prevent pipe movement during backfilling
is required.

4. The HDPE riser pipe shall be slotted in accordance with the dimensions required
by these specifications and in accordance with manufacturer recommendations.
Slotted portion of pipe shall be installed into and shall not exceed thickness of
the collection sump. Remainder of pipe length shall not be slotted.

5. The HDPE riser pipe shall be placed against the prepared surface of the slope
excavation by the Contractor using suitable equipment in a manner approved by
the Construction Manager and in accordance with the manufacturer
recommendations. The HDPE riser pipe shall be anchored at the top with ballast
approved by the Construction Manager.

6. Synthetic membranes shall be constructed around the riser pipe as shown in the
Plans and in accordance with the requirements of these Specifications.

D. Placing Riser Pipe Backfill

1. Bedding material may be utilized on the prepared surface beneath the HDPE riser
pipe to facilitate pipe placement as well as the placement and compaction of the
backfill materials.

2. Soil designated "Compacted Fill" shall be used as backfill around the pipe.
Contractor shall roll fill into place without damaging the underlying
geosynthetics.

3. Backfill soil shall be compacted by the Contractor using tracked equipment
having ground pressure < 5 psi. Backfill soil shall have no less than 2 coverages
with the equipment.

4. Contractor shall use proper care not to damage underlying geosynthetics during
soil placement or compaction. Equipment shall not make quick starts, stops or
turns which may damage geosynthetic materials.
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5. Backfill placement shall begin at the toe of slope and proceed upslope.

6. Backfill placed and compacted to thicknesses or grades in excess of the grades on
either side of the riser pipe trench shall be trimmed by approved measures to
conform to the surrounding grades.

3.3 MATERIAL QUALITY EVALUATION

A. Contractor shall submit an affidavit and/or quality control certificate signed by the
manufacturer certifying that the HDPE pipe will meet or exceed specified requirements
to the Construction Manager for approval prior to deployment.

B. Preinstallation material quality evaluation testing shall be performed as follows:

• ASTMD1505 1 per batch
• ASTM D638 1 per 1,000 ft of pipe
• ASTM D2837 1 per 1,000 ft of pipe
• ASTM D2240 1 per 1,000 ft of pipe

3.4 FIELD QUALITY CONTROL

A. HDPE Pipe

1. Visually inspect all HDPE pipe couplings and welds.

2. Pressure test sump discharge conduit to 30 psi.

END OF SECTION 02715
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SECTION 02932

SEEDING

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Provide all labor, material, equipment and incidentals required to seed, fertilize, mulch
and maintain the vegetated cover.

1.2 REFERENCES

A. FS O-F-241 - Fertilizers, Mixed Commercial

1.3 DEFINITIONS

A. Weeds: Includes Dandelion, Jimsonweek, Quackgrass, Horsetail, Morning Glory,
Rush Grass. Mustard, Lambsquarter, Chickweek, Cress, Crabgrass, Canadian Thistle.
Nutgrass. Poison Oak, Blackberry, Tansy Ragwort, Johnson Grass, Poison Ivy, Nut
Sedge, Nimble Will, Bindweed, Bent Grass, Wild Garlic, Perennial Sorrel. And
Brome Grass.

1.4 REGULATORY REQUIREMENTS

A. Contractor shall comply with regulatory agency requirements for fertilizer and
herbicide composition.

B. Contractor shall provide seed mixture in containers showing percentage of seed mix,
year of production, net weight, date of packaging, and location of packaging.

C. Contractors shall submit maintenance requirements for continuing maintenance of
established vegetated cover.

D. Contractor shall include maintenance instructions, cutting method and maximum
grass height; types application frequency, and recommended coverage of fertilizer,
and watering schedule to be performed by Solutia.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Products shall be delivered to site to support progress of work.

B. Products shall be stored and protected from deleterious conditions.
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C. Grass seed mixture shall be delivered in sealed containers. Seed in damaged
packaging is not acceptable.

D. Fertilizer shall be delivered in waterproof bags showing weight, chemical analysis.
and name of manufacturer.

1.6 MAINTENANCE PERIOD

A. Notwithstanding the Contractor's warranty, the Owner will pay the Contractor a lump
sum price to maintain the Work in its accepted condition for one (1) year. The
Maintenance Period shall start from the date of the Construction Manager's Final
Acceptance. The Contractor's Maintenance Period Work shall include:

1. Supply and placement of fill materials to re-establish final grades and the
landfil l cover thickness in accordance with the design drawings and
specifications.

2. Supply and install E&S controls to minimize erosion of the landfill cover.

3. Establish and maintain successful revegetation of the cover in accordance with
this specification.

4. Contractor is responsible for repairing any settlement areas that occur in the 12-
month maintenance period.

B. The Contractor's Manager will inspect the grass growth at the end of the
Maintenance Period. During the Maintenance Period, the Contractor shall sample
the topsoil to develop fertilizer requirement, apply fertilizer, kill grubs and weeds,
reseed, and cut the grass.

1.7 SUBMITTALS

A. Contractor shall submit certification that seed mixture conforms to this section and
the requirements of the State of Illinois.

B. Contractor shall submit all material and workmanship warranties related to seeding.

PART 2 PRODUCTS

2.1 SEED MIXTURE

A. Seed mixture shall conform to Class Type 3 of the Ill inois DOT Specifications
Section 250.07 Seedina
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1. Aha Fescue or Ky 31 40 Ibs/acre
2. Perennial Ryegrass: 20 Ibs/acre
3. Alsike Clover 2 5 Ibs/acre
4. Birdsfoot Trefoil 2 10 Ibs/acre
5. Andropogon Scoparius 5 Ibs/acre
6. Bouteloua Curtipendula 10 Ibs/acre
7. Fult Salt Grass 7 30 Ibs/acre
8. Oats, Spring 50 Ibs/acre

2.2 ACCESSORIES

A. Mulching material shall be dry mulch consisting of straw or hay of one or more of
the following types: oat, rye and wheat straw. Only undeteriorated mulch can be
readily cut into the soil and shall be used.

B. Fertilizer: Ratio of nitrogen to phosphorous to potassium - 1:1:1.

PART 3 EXECUTION

3.1 INSPECTION

A. Contractor shall verify that prepared soil base is ready to receive the work of this
section.

B. Contractor shall certify in writing that the condition of the soil base is ready to
receive seeding. Beginning of installation means acceptance of existing site
conditions.

3.2 FERTILIZING

A. Contractor shall apply fertilizer at a rate of 270 Ibs/acre for combined nutrients.

B. Contractor shall apply fertilizer after smooth raking of topsoil.

C. Contractor shall apply fertilizer at the same time or with same machine as will be
used to apply seed.

D. Fertilizer shall be mixed thoroughly into upper 2 inches of topsoil.

E. Contractor shall lightly water fertilized areas to aid the dissipation of fertilizer.

3.3 SEEDING

A. Contractor shall apply seed with a machine that places the seed in direct contact with
the soil, packs and covers the seed in one continuous operation. Contractor shall not
seed any areas in excess of that which can be mulched on the same day.
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B. Contractor shall not sow immediately following rain, when ground is too dry. or
during windy periods. Seed operation shall stop when wind speeds exceed 15 mph.

C. Contractor shall select an appropriate roller to facilitate grass growth.

D. Seeding machinery can be mounted on rubber tires or tracks but must maintain a
ground pressure not exceeding 8 Ibs/sq in.

E. Immediately following seeding and compacting, mulch shall be applied to a
thickness of 1/8 inches.

F. Water shall be applied to irrigate the newly seeded ground cover for period of 60
days. The imgation procedures shall be designed such as the topsoil wil l be
saturated to a depth of at least 4 inches when the system is in use.

3.4 WARRANTY PERIOD

A. The warranty period shall extend for a period of 1 year after acceptance of conditions
by the Construction Manager.

B. Contractor shall immediately reseed areas which show bare spots at no additional
cost to the Construction Manager.

3.5 SCHEDULE

A. Seeding and fertilizers shall be applied to all areas disturbed during construction.

3.6 SUCCESSFUL REVEGETATION

A. Contractor shall reestablish a diversified, self-sustaining stand of grass that is
adapted to the region. The Construction Manager will determine acceptability of the
grass growth in accordance with the following:

1. Landfill shall have at least 85% groundcover of permanent grass species.

2. No area or patch greater than 36-inch x 36-inch shall be barren.

3. No trees, wood shrubs or deep-rooted plants shall be allowed to grow on the
re vegetated areas.

END OF SECTION 02932
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SECTION ONE GENERAL

1.1 SCOPE

This Construction Quality Assurance (CQA) Manual addresses the quality assurance of the
installation of geosynthetic materials used by Solutia Inc. (Solutia) for the construction of the
Sauget Area 1 TSCA Landfill located in Cahokia, Illinois.

This manual addresses quality assurance, not quality control. In the context of this manual,
qual i ty assurance refers to means and actions employed to assure conformity of the geosynthetic
system production and installation with the project-specific, Plans. Specifications, contractual
and regulatory requirements. Quality assurance is provided by a party independent from
production and installation. Quality control refers only to those actions taken to ensure that
materials and workmanship meet the requirements of the Plans and Specifications. Quality
control is provided by the manufacturers and installers of the various components of the
geosynthetic system.

The scope of this CQA Manual applies to manufacturing, shipment, handling, and installation of
geosynthetics. This CQA Manual does not address design guidelines, installation specifications,
or selection of geosynthetic materials. It also does not address the quality assurance of soils,
except in cases where soil placement may have an influence on the geosynthetics. The quality
assurance of soil components of landfill lining and final cover systems is addressed in Solutia's
"Quality Assurance Manual for the Installation of Soil Components of the Lining and Final
Cover Systems".

1.2 PROJECT ORGANIZATION

Solutia has the overall responsibility for ensuring that all construction activities fulfill the
objectives of the project. Solutia will retain an independent construction management firm to
coordinate all construction activities of the Feed Pond closure and construction of the TSCA
Landfill. Solutia will also retain an independent inspection firm to provide Construction Quality
Assurance services during construction activities. Figure 1-1 presents an organization chart for
the project.

Key personnel, their authority and responsibilities with respect to the CQA process are as
follows:

1.2.1 Solutia Leadership Team

The Solutia Leadership Team will act as a contact with all regulatory agencies for all matters
concerning the project and has overall responsibility for the conduct of project activities. The
Solutia Leadership Team will ensure that corporate standards are applied during the project and
will have the overall responsibility to ensure the project meets all established QA/QC goals. The
Solutia Leadership Team is responsible for the coordination between the design firm and
Construction Manager and serves as Solutia's representative during construction. They are also
the primary point of contact between Solutia and all supporting team members. The Solutia
Leadership Team will perform its duties under the direction of Bruce Yare and Mike Light.
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SECTION ONE GENERAL

1.2.2 Construction Manager

Acting under the authority delegated to him by Solutia, the Construction Manager is the on-site
representative and wil l implement the overall project plans through day-to-day direction of field
activit ies. Solutia will retain a construction management firm to provide these services.

1.2.3 Designer

The Designer is the individual and/or firm responsible for the preparation of the design,
including plans and project-specific specifications for the geosynthetic components of the lining
and final cover system. The Designer for the TSCA Landfill is URS Corporation Southern
(URS).

1.2.4 Geosynthetic Construction Quality Assurance Consultant

The Geosynthetic Construction Quality Assurance (CQA) Consultant is a firm independent from
the Construction Manager, Manufacturer(s), and Installer that shall be responsible for observing
and documenting activities related to the quality assurance of the production and installation of
the geosynthetic system on behalf of Solutia.

1.2.5 Geosynthetic Quality Assurance Laboratory

The Geosynthetic Quality Assurance Laboratory (QAL) is a firm, independent from the
Construction Manager, Manufacturer(s), and Installer, responsible for conducting tests on
samples of geosynthetics taken from the site. Solutia will retain an independent laboratory to
perform geosynthetic testing for the project.

1.2.6 Construction Contractor(s)

Selected Contractors will be responsible for performing the work outlined in the Plans and
Specifications. This work shall include:

• Site mobilization and demobilization

• Site preparation

• Construction of the TSCA Landfill Liner System

• Construction of the TSCA Landfill Cover System

1.3 PROJECT TEAM RESPONSIBILITIES AND QUALIFICATIONS

The parties discussed in this section are associated with the ownership, design, manufacture,
transportation, installation, and quality assurance of the geosynthetic system. The qualifications
and responsibilities of these parties are outlined in the following subsections.
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SECTION ONE GENERAL

1.3.1 Construction Manager

1.3.1.1 Responsibilities

The Construction Manager is responsible for all construction quality. The Construction Manager
is responsible for the organization and implementation of the quality assurance activities for the
project.

The Construction Manager shall serve as communications coordinator for the project, initiating
all construction meetings. As communications coordinator, the Construction Manager shall
serve as a liaison between all panics involved in the project to insure that communications are
maintained.

The principal responsibilities of the Construction Manager are:

• Establish effective communications with the Solutia Leadership Team and Contractor
field representatives, and other project team personnel through correspondence, meetings,
and discussions, as required, to maintain close working relationships.

• Execute the project work plans and implement procedures through overall planning and
day-to-day direction of field activities.

• Ensure that QA and QC procedures are implemented throughout execution of the work.
• Review Contractor progress reports and payments.

• Issue weekly field activity reports.

• Maintain on-site documentation consisting of procedures, rules and regulations,
drawings, survey information, correspondence, meetings, etc.

• Manage and assist other field personnel in overseeing Contractors.

The Construction Manger shall also be responsible for proper resolution of all quality assurance
issues that arise during construction.

1.3.1.2 Qualifications

The selection of the Construction Manager is the direct responsibility of Solutia. Qualifications
for this position include familiarity with the following:

1. Applicable construction methods and procedures.
2. General geosynthetic lining techniques.
3. All applicable regulatory requirements.
4. Company policies and procedures for project management.
5. Quality assurance requirements.
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SECTION ONE GENERAL

1.3.2 Designer

1.3.2.1 Responsibilities

The Designer is responsible for performing the engineering design and preparing the associated
Plans and Specifications for the geosynthetic components of the lining and final cover system.
The Designer is responsible for approving all design and specification changes and making
design clarifications necessitated during construction of the geosynthetic components of the
lining and final cover system.

1.3.2.2 Qualifications

The Designer shall be a qualified engineer, certified or licensed as required by regulation. The
Designer shall be familiar with geosynthetics (including detailed geosynthetic design methods
and procedures) and applicable regulatory requirements.

1.3.2.3 Submittals

The Designer shall submit the project Plans and Specifications to the Solutia Leadership Team
and the Construction Manager.

1.3.3 Manufacturer

1.3.3.1 Definitions

The Manufacturer is a firm responsible for production of any of the various geosynthetic
liner system components outlined in the Specifications.

1.3.3.2 Responsibilities

Each Manufacturer is responsible for the production of its geosynthetic product. In addition,
each Manufacturer is responsible for the condition of the geosynthetic until the material is
accepted by the Construction Manager after delivery. Each Manufacturer shall produce a
consistent product meeting the Specifications. Each Manufacturer shall provide quality control
documentation for its product as specified in the Specifications.

1.3.3.3 Qualifications

Each Manufacturer shall be pre-qualified by Solutia. Each Manufacturer shall provide sufficient
production capacity and qualified personnel to meet the demands of the project. Each
Manufacturer shall have an internal quality control program for its product that meets standard
industry requirements.
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SECTION ONE GENERAL

1.3.3.4 Submittals

Pre-qualification: A Manufacturer shall meet the following requirements and submit the
following information:

1. A list of material properties including certified test results, to which are attached
geosynthetic samples.

2. The origin (supplier's name and production plant) and identification (brand name and
number) of resin used to manufacture the product.

Pre-installation: Prior to the installation of any geosynthetic material, a Manufacturer must
submit to the Construction Manager all quality control documentation required by the
Specifications. This documentation shall be reviewed by the Construction Manager before
installation can besin."D*

1.3.4 Installer

1.3.4.1 Definitions

The Installer is the firm responsible for installation of the geosynthetics. The Installer may be
affiliated with the Manufacturer.

The Superintendent is responsible for the Installer's field crew. The Superintendent shall
represent the Installer at all site meetings and shall be responsible for acting as the Installer's
spokesman on the project.

The Master Seamer shall be the most experienced seamer of the Installer's field crew. The
Master Seamer shall provide direct supervision over less experienced seamers.

1.3.4.2 Responsibilities

The Installer shall be responsible for field handling, storing, deploying, seaming, temporary
restraining and all other aspects of the geosynthetics installation. The Installer may also be
responsible for transportation of these materials from on-site storage to the area of the work.

1.3.4.3 Qualifications

The Installer shall be pre-qualified and approved by Solutia. The Installer shall be able to provide
qualified personnel to meet the demands of the project. At a minimum, the Installer shall
provide a Superintendent and a Master Seamer as described below.

The Superintendent and Master Seamer must be qualified based on previously demonstrated
experience, management ability, and authority.
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SECTION ONE GENERAL

For geomembrane installation all personnel performing seaming operations shall be qualified by
experience or by successfully passing seaming tests using the equipment and seaming techniques
proposed for this project.

1.3.4.4 Submittals

Pre-qualification: To be considered for pre-qualification. the Installer shall submit the pre-
qualitication information required by the Specifications.

Pre-mstallation: Prior to commencement of the installation, the Installer must submit to the
Construction Manager:

1. Resume of the Superintendent to be assigned to this project, including dates and duration
of employment.

2. Resume of the Master Seamer to be assigned to this project, including dates and duration
of employment.

3. A panel layout drawing showing the installation layout identifying field seams as well as
any variance or additional details which deviate from the engineering drawings. The
layout shall be adequate for use as a construction plan and shall include dimensions,
details, etc.

4. Installation schedule.

5. A list of personnel performing field seaming operations along with pertinent experience
information.

6. All geosynthetic quality control certificates as required by this QAM (unless submitted
directly to the Construction Manager by the Manufacturer).

7. Certification that extrudate to be used is comprised of the same resin as the geomembrane
to be used.

This documentation shall be reviewed by the Construction Manager before installation of the
geosynthetic can begin.

Installation: During the installation, the Installer shall be responsible for the submission of:

1. Quality control documentation recorded during installation.
2. Subgrade surface acceptance certificates for each area to be covered by the lining system,

signed by the Installer.

Completion: Upon completion of the installation, the Installer shall submit:

1. The warranty obtained from the Manufacturer.
2. The installation warranty.
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SECTION ONE_____________________GENERAL

1.3.5 Geosynthetic Construction Quality Assurance Consultant

1.3.5.1 Responsibilities

The Geosynthetic Construction Quality Assurance (CQA) Consultant is responsible for
observing and documenting activities related to the quality assurance of the production and
installation of the geosynthetic system. The Geosynthetic CQA Consultant is responsible for
implementation of the project CQA Manual and management of the Geosynthetic Quality
Assurance Laboratory. The Geosynthetic CQA Consultant is also responsible for issuing a final
certification report sealed by a registered professional engineer.

The specific duties of the Geosynthetic CQA Consultant personnel are as follows:

1. Reviews other site-specific documentation, including proposed layouts, and
manufacturer's and installer's literature.

2. Reviews all changes to design drawings and specifications as issued by the Designer.
3. Attends all quality assurance related meetings.
4. Reviews all Manufacturer and Installer certifications and documentation and makes

appropriate recommendations.
5. Reviews the Installer's personnel qualifications for conformance with the qualifications

for work on site.

6. Reviews the calibration certification of the on-site tensiometer, if applicable.
7. Notes any on site activities that could result in damage to the geosynthetics.
8. Reports to the Construction Manager, and logs in the daily report.
9. Prepares a daily summary of the quantities of geosynthetics installed that day.

10. Prepares the weekly summary of geosynthetic quality assurance activities.

11. Oversees the marking, packaging and shipping of all laboratory test samples.

12. Reviews the results of laboratory testing and makes appropriate recommendations.

13. Reports any unapproved deviations from the CQA Manual to the Construction Manager.
14. Prepares the final certification report.

1.3.5.2 Qualifications

The Geosynthetic CQA Consultant shall be pre-qualified by Solutia. The Geosynthetic CQA
Consultant shall be experienced in quality assurance of geosynthetics. The Geosynthetic CQA
Consultant shall be experienced in the preparation of quality assurance documentation including:
quality assurance forms, reports, certifications, and manuals.
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SECTION ONE GENERAl

1.3.5.3 Submittals

Pre-qualificaiion: To be considered for pre-qualification, the Geosynthetic CQA Consultant
must provide the following information:

1. Corporate background and information.
2. Quality assurance capabilities:

a. A summary of the firm's experience with geosynthetics.

b. A summary of the firm's experience in quality assurance, including installation
quality assurance of geosynthetics.

c. A summary of quality assurance documentation and methods used by the firm,
including sample quality assurance forms, reports, certifications, and manuals
prepared by the firm.

d. Resumes of key personnel.

Pre-installation: Prior to beginning work on a project, the Geosynthetic CQA Consultant must
provide the Construction Manager with the following information:

1. Resumes of personnel to be involved in the project.
2. Proof of the required quality assurance experience of all of the quality assurance

personnel.

1.3.6 Geosynthetic Quality Assurance Laboratory

1.3.6.1 Responsibilities

The Geosynthetic QAL shall be responsible for conducting the appropriate laboratory tests as
directed by the Geosynthetic CQA Consultant or the Construction Manager. The test procedures
shall be done in accordance with the test methods outlined in the Plans and Specifications. The
Geosynthetic QAL shall be responsible for providing test results.

1.3.6.2 Qualifications

The Geosynthetic QAL shall have experience in testing geosynthetics and be familiar with
American Society for Testing and Materials (ASTM), and other applicable test standards. The
Geosynthetic QAL shall be capable of providing verbal results of destructive seam tests within
24 hours of receipt of test samples and shall maintain that standard throughout the installation.
The Geosynthetic QAL shall be approved by Solutia.

On-site laboratory facilities may be used by the Geosynthetic QAL provided they are
appropriately equipped and approved by the Geosynthetic QAC and the Construction Manager.
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SECTION ONE GENERAL

1.3.6.3 Submittals

Geomembrane destructive test results shall typically be provided verbally to the Construction
Manager within 24 hours of receipt of test samples. The Geosynthetic QAL shall submit all
destructive seam test results to the Construction Manager in written form within 48 hours of
receipt of test samples unless otherwise specified by the Construction Manager. Written test
results shall be in an easily readable format and include references to the standard test methods
used.

1.4 COMMUNICATION

To guarantee a high degree of quality during installation and assure a final product that meets all
project specifications, clear, open channels of communication are essential. This section issues
appropriate lines of communication and describes all necessary meetings.

1.4.1 Resolution Meeting

Following the completion of the construction drawings and specifications for the project, a
resolution meeting may be held. If a resolution meeting is required, it is recommended that the
meeting be held prior to bidding the construction work and include all parties then involved,
typically including the Construction Manager, Designer, Geosynthetic CQA Consultant, and a
Solutia Leadership Team representative. If necessary, this meeting can be held in conjunction
with the pre-construction meeting.

The purpose of this meeting is to establish lines of communication, review construction drawings
and specifications for completeness and clarity, begin planning for coordination of tasks, and
anticipate any problems which might cause difficulties and delays in construction. All aspects of
the design shall be reviewed during this meeting so that clarification and/or design changes may
be made before the construction work is bid. In addition, the guidelines regarding quality
assurance testing and problem resolution must be known and accepted by all.

A recommended agenda for the resolution meeting is presented in Exhibit 1-1. The meeting
shall be documented by the Construction Manager and minutes shall be transmitted to all parties.

1.4.2 Pre-construction Meeting

A pre-construction meeting shall be held at the site prior to beginning geosynthetic deployment.
Typically, the meeting shall be attended at a minimum by the Construction Manager, Designer.
Installer, and Geosynthetic CQA Consultant.

Specific topics considered for this meeting include review of the project CQA Manual for any
problems or additions. In addition, the responsibilities of each party should be reviewed and
understood clearly. A recommended agenda with specific topics for the pre-construction
meeting is presented in Exhibit 1-2. The meeting shall be documented by the Construction
Manager and minutes shall be transmitted to all parties.
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SECTION ONE GENERAL

1.4.3 Progress Meetings

A progress meeting shall be held at least weekly between the Geosynthetic CQA Consultant.
Installer's Superintendent, Construction Manager, and any other concerned parties. This meeting
shall discuss current progress, planned activities for the next week, issues requiring resolution,
and any new business or revisions to the work. The Geosynthetic CQA Consultant shall log any
problems, decisions, or questions arising at this meeting in his weekly report. If any matter
remains unresolved at the end of this meeting, the Construction Manager shall be responsible for
the resolution of the matter and the communication of the decision to the appropriate parties.
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SECTION TWO_________________GEOMEMBRANES
2.1 QUALITY CONTROL DOCUMENTATION

Pnor to the installation of any geomembrane material, the Manufacturer or Installer shall provide
the Construction Manager with the following information:

1. The origin (resin suppliers name and resin production plant), identification (brand name
and number), and production date of the resin.

2. Copies of the quality control certificates issued by the resin supplier.
3. Reports on tests conducted by the Manufacturer to verify that the quality of the resin used

to manufacture the geomembrane meets the Specifications.

4. Reports on quality control tests conducted by the Manufacturer to verify that the
geomembrane manufactured for the project meets the project specifications.

5. A statement indicating that no reclaimed polymer was added to the resin during
manufacturing.

6. A list of the materials with which comprise the geomembrane, expressed in the following
categories as percent by weight: polyethylene, carbon black, other additives.

7. Written certification that minimum values given in the specification are guaranteed by the
Manufacturer.

8. Quality control certificates, signed by a responsible party employed by the Manufacturer.
Each quality control certificate shall include roll identification numbers, sampling
procedures, and results of quality control tests. At a minimum, results shall be for:

a. Density
b. Carbon black content
c. Carbon black dispersion
d. Thickness
e. Tensile properties
f. Tear resistance

These quality control tests shall be performed in accordance with the frequency and test methods
in the Specifications.

The Manufacturer shall identify all rolls of geomembranes with the following:

1. Manufacturer's name
2. Product identification
3. Thickness
4. Roll number

5. Roll dimensions
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SECTION TWO_________________GEOMEMBRANES
The Geosynthetic CQA Consultant shall review these documents and shall report any
discrepancies with the above requirements to the Construction Manager. The Geosynthetic CQA
Consultant shall verify that:

1. Property values certified by the Manufacturer meet all of its guaranteed performance
criteria. Measurements of properties by the Manufacturer are properly documented and
that test methods used are acceptable.

2. Quality control certificates have been provided at the specified frequency for all rolls and
that each certificate identifies the rolls related to it.

3. Rolls are appropriately labeled.
4. Certified minimum properties meet the requirement of the Specifications.

2.2 CONFORMANCE TESTING

Upon delivery of the rolls of geomembrane, the Geosynthetic CQA Consultant shall ensure
conformance test samples are obtained for the geomembrane. These samples shall be that
forwarded to the Geosynthetic QAL for testing to ensure conformance to the Specifications. If
the Construction Manager desires, the Geosynthetic CQA Consultant can direct the conformance
sampling be completed at the manufacturing plant.

The following conformance tests shall be conducted:

1. Density

2. Carbon black content
3. Carbon black dispersion

4. Thickness

5. Tensile characteristics
6. Asperity height

7. Interface friction between textured geomembrane/geosynthetic clay liner, textured
geomembrane/ geonet, smooth geomembrane/geonet, and smooth geomembrane/soil.

These conformance tests shall be performed in accordance with the test frequency and methods
in the Specifications.

2.2.1 Sampling Procedures

The rolls to be sampled shall be selected by the Geosynthetic CQA Consultant. Samples shall be
taken across the entire width of the roll and shall not include the first 3 ft (1 m). Unless
otherwise specified, samples shall be 3 ft (1 m) long by the roll width. The Geosynthetic CQA
Consultant shall mark the machine direction on the samples with an arrow.
A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic CQA Consultant based on a
review of all roll information including quality control documentation manufacturing records.
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SECTION TWO GEOMEMBRANES

2.2.2 Liner System Shear Box Testing

Prior to acceptance by the Geosynthetic CQA Consultant or the Construction Manager, the
Contractor shall submit information documenting the interface friction values of the selected
geosynthetics. Interface friction values shall be determined for the selected material combination
provided by the Specifications. Interface friction data shall be submitted by the Contractor for
review and approval within 30 days of contract award.

The Construction Manager will review the documentation for conformance with the
requirements of the design. This conformance test shall be performed in accordance with the
requirements of the Specifications as per ASTM D 5321.

2.2.3 Test Results

All conformance test results shall be reviewed and by the Geosynthetic CQA Consultant prior to
the deployment of the geomembrane. The Geosynthetic CQA Consultant shall examine all
results from laboratory conformance testing and shall report any nonconformance to the
Construction Manager. The Geosynthetic CQA Consultant shall be responsible for checking that
all test results meet or exceed the property values listed in the project specifications. Based upon
the recommendation of the Geosynthetic CQA Consultant, the Construction Manager shall
accept or reject the geomembrane.

If the Manufacturer has reason to believe that failing tests may be the result of Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that sample in question be
retested by the Geosynthetic QAL with a technical representative of the Manufacturer present
during the testing. This retesting shall be done at the expense of the Manufacturer. Alternatively,
the Manufacturer may have the sample retested at two different Solutia approved Geosynthetic
QALs at the expense of the Manufacturer. If both laboratories produce passing results, the
material shall be accepted. If both laboratories do not produce passing results, then the original
Geosynthetic QAL's test results shall be accepted. The use of these procedures for dealing with
failed test results is subject to approval of the Construction Manager.

If a test result is in nonconformance, all material from the lot represented by the failed test
should be considered out of specification and rejected. Alternatively, at the option of the
Construction Manager, additional conformance test samples may be taken to "bracket" the
portion of the lot not meeting specifications (note that this procedure is valid only when rolls in
the lot are consecutively produced and numbered from one manufacturing line). To isolate the
out of specification material, additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the
roll that represents the initial failed test and the roll manufactured immediately after that roll
(next larger roll number) shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that bracket a
greater number of rolls within the lot.
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SECTION TWO GEOMEMBRANES

2.3 SUBGRADE PREPARATION

2.3.1 Surface Preparation

The Earthwork Contractor shall be responsible for preparing the supporting soil for
geomembrane placement. The Construction Manager shall coordinate the work of the Earthwork
Contractor and the Installer so that the requirements of the Specifications and the project CQA
Manual are met.

Before the geomembrane installation begins, the Geosynthetic CQA Consultant shall verify that:

1. A qualified land surveyor has verified all lines and grades.
2. A qualified geotechnical engineer has verified that the supporting soil meets the density

specified in the project specifications.
3. The surface to be lined has been rolled, compacted, or handworked so as to be free

irregularities, protrusions, loose soil and abrupt changes in grade. Bedding layer soils
will have clods no larger than two inches, will be placed and compacted to 90% Standard
Proctor Density and will have a moisture content at or optimum. Bedding layers will be
smooth with no ruts or sharp edges before, during and after installation of the overlying
geosynthetic material. They will provide a surface capable of supporting the
geosynthetics and other layers in the liner system.

4. The surface of the supporting soil does not contain stones which may be damaging the
geomembrane.

5. There is no area excessively softened by high water content.

6. There is no area where the surface of the soil contains desiccation cracks with
dimensions exceeding those allowed by the Specifications.

The Installer shall certify in writing that the surface on which the geomembrane will be installed
is acceptable. A certificate of acceptance shall be given by the Installer to the Geosynthetic CQA
Consultant and Construction Manager prior to commencement of geomembrane deployment in
the area under consideration.

After the supporting soil has been accepted by the Installer, it is the Installer's responsibility to
indicate to the Construction Manager any change in the supporting soil condition that may
require repair work. The Construction Manager may consult with the Geosynthetic CQA
Consultant regarding the need for repairs. The Construction Manager shall ensure that the
supporting soil is repaired.

At any time before or during the geomembrane installation, the Geosynthetic CQA Consultant
shall indicate to the Construction Manager any locations which may not be adequately prepared
for the eeomembrane.
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SECTION TWO_________________GEOMEMBRANES
2.3.2 Anchor Trench

The Geosynthetic CQA Consultant shall verify that the anchor trench has been constructed
according to the design Plans and Specifications.

If the anchor trench is excavated in a clay material susceptible to desiccation, the amount of
trench open at any time should be minimized. The Geosynthetic CQA Consultant shall inform
the Construction Manager of any signs of significant desiccation associated with the anchor
trench construction.

Slightly rounded corners shall be provided in the trench so as to avoid sharp bends in the
geomembrane. Excessive amounts of loose soil shall not be allowed to underlie geomembrane in
the anchor trench.

The anchor trench shall be adequately drained to prevent ponding or softening of adjacent sods
while the trench is open. The anchor trench shall be backfilled and compacted as outlined in the
project specifications.

Care shall be taken when backfilling the trenches to prevent any damage to geosynthetics. The
Geosynthetic CQA Consultant shall observe the backfilling operation and advise the
Construction Manager of any problems. Any problems shall be documented by the Geosynthetic
CQA Consultant in his daily report.

2.4 GEOMEMBRANE DEPLOYMENT

2.4.1 Panel Nomenclature

A field panel is defined as a unit of geomembrane which is to be seamed in the field, i.e.. a field
panel is a roll or a portion of roll cut in the field.

It shall be the responsibility of the Geosynthetic CQA Consultant to ensure that each field panel
be given an identification code (number or letter-number) consistent with the layout plan. This
identification code shall be agreed upon by the Construction Manager, Installer and Geosynthetic
CQA Consultant. This field panel identification code shall be as simple and logical as possible.
In general, it is not appropriate to identify panels using roll numbers since numbers established in
the manufacturing plant are usually cumbersome and are related to location in the field. The
Geosynthetic CQA Consultant shall establish a table or chart showing correspondence between
roll numbers and field panel identification codes. The field panel identification code shall be
used for all quality assurance records.

The Geosynthetic CQA Consultant shall verify that field panels are installed at the locations
indicated on the Installer's layout plan, as approved by the Construction Manager.
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SECTION TWO_________________6EOMEMBRANES
2.4.2 Panel Deployment Procedure

The Geosynthetic CQA Consultant shall review the panel deployment progress of the Installer
(keeping in mind issues relating to wind, rain, clay liner desiccation, and other site-specific
conditions) and advise the Construction Manager on its compliance with the approved panel
layout drawing and its suitability to the actual field conditions. Once approved, only the
Construction Manager can authorize changes to the panel deployment procedure. Geosynthetic
CQA Consultant shall verify that the condition of the supporting soil does not change
detrimentally during installation.

The Geosynthetic CQA Consultant shall record the identification code, location, and date of
installation of each field panel.

2.4.3 Deployment Weather Conditions

Geomembrane deployment shall not proceed at an ambient temperature below 32° F (0° C) or
above 104° F (40° C) unless otherwise authorized, in writing, by the Construction Manager.
Geomembrane placement shall not be performed during any precipitation, in the presence of
excessive moisture (e.g., fog, dew), in an area of ponded water, or in the presence of excessive
winds. Geomembrane deployment shall not be undertaken if weather conditions will preclude
material seaming following deployment.

The Geosynthetic CQA Consultant shall verify that the above conditions are fulfilled. Ambient
temperature shall be measured by the Geosynthetic CQA Consultant in the area in which the
panels are to be deployed. The Geosynthetic CQA Consultant shall inform the Construction
Manager of any weather related problems which may not allow geomembrane placement to
proceed.

2.4.4 Method of Deployment

Before the geomembrane is handled on site, the Geosynthetic CQA Consultant shall verify that
handling equipment to be used on the site is adequate and does not pose risk of damage to the
geomembrane. During handling, the Geosynthetic CQA Consultant shall observe and verify that
the Installer's personnel handle the geomembrane with care.

The Geosynthetic CQA Consultant shall verify the following:

1. Any equipment used does not damage the geomembrane by handling, trafficking,
excessive heat, leakage of hydrocarbons, or other means.

2. The prepared surface underlying the geomembrane has not deteriorated since previous
acceptance, and is still acceptable immediately prior to geomembrane placement.

3. Any geosynthetic elements immediately underlying the geomembrane are clean and free
of debris.

4. All personnel do not smoke or wear damaging shoes while working on the geomembrane,
or engage in other activities which could damage the geomembrane.
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SECTION TWO_________________GEOMEMBRANES
5. The method used to unroll the panels does not cause excessive scratches or crimps in the

geomembrane and does not damage the supporting soil.
6. The method used to place the panels minimized wrinkles (especially differential wrinkles

between adjacent panels).
7. Adequate temporary loading and/or anchoring (e.g., sand bags, tires), not likely to

damage the geomembrane, has been placed to prevent uplift by wind. In case of winds,
continuous loading, e.g., by sand bags, is recommended along edges of panel to minimize
nsk of wind flow under the panels.

8. Direct contact with the geomembrane is minimized, and the geomembrane is protected by
geotextiles, extra geomembrane, or other suitable materials, in areas where excessive
traffic may be expected.

The Geosynthetic CQA Consultant shall inform the Construction Manager if the above
conditions are not fulfilled.

2.4.5 Damage and Effects

Upon delivery to the site, the Geosynthetic CQA Consultant shall conduct a surface observation
of all rolls for defects and for damage. This inspection shall be conducted without unrolling rolls
unless defects or damages are found or suspected. The Geosynthetic CQA Consultant shall
advise the Construction Manager, in writing, of any rolls or portions of rolls which should be
rejected and removed from the site because they have severe flaws, and/or minor repairable
flaws.

The Geosynthetic CQA Consultant shall inspect each panel, after placement and prior to
seaming, for damage and/or defects. The Geosynthetic CQA Consultant shall advise the
Construction Manager which panels, or portions of panels, should be rejected, repaired, or
accepted. Damaged panels, or portions of damaged panels, which have been rejected shall be
marked and their removal from the work area recorded by the Geosynthetic CQA Consultant.
Repairs shall be made using procedures described in the Specifications.

2.4.6 Writing on the Liner

To avoid confusion, the Installer and the Geosynthetic CQA Consultant shall each use different
colored markers that are readily visible for writing on the geomembrane. The markers used must
be semi-permanent and compatible with the geomembrane. The installer shall use a yellow
marker to write on the geomembrane. The Geosynthetic CQA Consultant shall use a red marker.

2.5 FIELD SEAMING

2.5.1 Seam Layout

Before installation begins, the Installer must provide the Construction Manager and ' the
Geosynthetic CQA Consultant with a panel layout drawing, i.e., a drawing of the facil i ty to be
lined showing all expected seams. The Geosynthetic CQA Consultant shall review the panel
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SECTION TWO_________________GEOMEMBRANES
layout drawing and verify that it is consistent with accepted state-of-practice. No panels may he
seamed without written approval of the panel layout drawing by the Construction Manager. In
addition, panels not specifically shown on the panel layout drawing may not be used without the
Construction Manager's prior approval.

In general, seams should be oriented parallel to the line of maximum slope, i.e., oriented along,
not across, the slope. In corners and odd-shaped geometric locations, the number of seams
should be minimized. No horizontal seam should be less than 5 ft (1.5 m) from the toe of the
slope, or areas of potential stress concentrations, unless otherwise authorized by the Construction
Manager.

A seam numbering system compatible with the panel numbering system shall be used by the
Geosynthetic CQA Consultant.

2.5.2 Accepted Seaming Methods

Approved processes for field seaming are extrusion welding and fusion welding. Fusion double
seam welding is the preferred method for joining long, straight seams. Extrusion welding is the
preferred seaming method in areas such as comers, sumps, pipe penetrations, tear repairs and cap
strips where fusion double seam welding is not feasible. Use of extrusion welding shall be
minimized to the extent possible. Proposed alternate processes shall be documented and
submitted by the Installer to the Construction Manager for approval. Only apparatus which have
been specifically approved by make and model shall be used. The Construction Manager shall
submit all documentation regarding seaming methods to be used to the Geosynthetic CQA
Consultant for review.

2.5.2.1 Extrusion Process

The Geosynthetic CQA Consultant shall log ambient, seaming apparatus, and geomembrane
surface temperatures at appropriate intervals and report any noncompliances to the construction
manager.

The Geosynthetic CQA Consultant shall verify that:

1. The Installer maintains on-site the number of spare operable seaming apparatus decided
upon at the pre-construction meeting.

2. Equipment used for seaming is not likely to damage the geomembrane.
3. Prior to beginning a seam, the extruder is purged until all heat-degraded extrudate has

been removed from the barrel.
4. Clean and dry welding rods or extrudate pellets are used.
5. The electric generator is placed on a smooth base such that no damage occurs to the

geomembrane.
6. Grinding shall be completed no more than 1 hour prior to seaming.
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SECTION TWO_________________GEOMEMBRANES
7. A smooth insulating plate or fabric is placed beneath the hot welding apparatus after

usage.

8. The geomembrane is protected from damage in heavily trafficked areas.
9. Exposed grinding marks adjacent to an extrusion weld shall be minimized. In no instance

shall exposed grinding marks extend more than V4-inch from the seamed area.
10. In general, the geomembrane panels are aligned to have a nominal overlap of 3 inches (75

mm) for extrusion welding. In any event, the final overlap shall be sufficient to allow
peel tests to be performed on the seam.

11. No solvent or adhesive is used unless the product is approved in writing by the
construction manager prior to use (samples shall be submitted to the construction
manager for testing and evaluation).

12. The procedure used to temporarily bond adjacent panels together does not damage the
geomembrane; in particular, the temperature of hot air at the nozzle of any temporary
welding apparatus is controlled such that the geomembrane is not damaged or degraded.

2.5.2.2 Fusion Process

The Geosynthetic CQA Consultant shall log ambient, seaming apparatus, and geomembrane
surface temperatures at appropriate intervals and report any noncompliances to the construction
manager.

The Geosynthetic CQA Consultant shall also verify that:

1. The Installer maintains on-site the number of spare operable seaming apparatus decided
upon at the pre-construction meeting.

2. Equipment used for seaming is not likely to damage the geomembrane.
3. For cross seams, the edge of the cross seam is ground to an incline prior to welding.
4. The electric generator is placed on a smooth base such that no damage occurs to the

geomembrane.

5. A smooth insulating plate or fabric is placed beneath the hot welding apparatus after
usage.

6. The geomembrane is protected from damage in heavily trafficked areas.
7. A movable protective layer is used as required by the installer directly below each

overlap of geomembrane that is to be seamed to prevent buildup of moisture between the
sheets and prevent debris from collecting around the pressure rollers.

8. In general, the geomembrane panels are aligned to have a nominal overlap of 5 inches
(125 mm) for fusion welding. In any event, the final overlap shall be sufficient to allow
peel tests to be performed on the seam.

9. No solvent or adhesive is used unless the product is approved in writing by the
Construction Manager prior to use (samples shall be submitted to the Construction
Manager for testing and evaluation).
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2.5.3 Seam Preparation

The Geosynthetic CQA Consultant shall verify that prior to seaming, the seam area is clean and
free of moisture, dust, dirt, debris or foreign material of any kind. If seam overlap grinding is
required, the Geosynthetic CQA Consultant must ensure that the process is completed according
to the manufacturers instructions within one hour of the seaming operation, and in a way that
does not damage the geomembrane. The Geosynthetic CQA Consultant shall also verify that
seams are aligned with the fewest possible number of wrinkles and "fishmouths".

2.5.4 Trial Seams

Trial seams shall be made on fragment pieces of geomembrane liner to verify that conditions are
adequate for production seaming. Such trial seams shall be made at the beginning of each
seaming period, and at least once each five hours, for each production seaming apparatus used
that day. Each seamer shall make at least one trial seam each day. Trial seams shall be made
under the same conditions as actual seams.

The trial seam sample shall be at least 5 ft (1.0 m) long by 1 ft (0.3 m) wide (after seaming) with
the seam centered lengthwise. Seam overlap shall be as indicated in Section 4.6.2.

Two specimens shall be cut from the sample with a 1-inch (25 mm) wide die. The specimens
shall be cut by the installer at locations selected randomly along the trial seam sample by the
Geosynthetic CQA Consultant. The specimens shall be tested in peel using a field tensiometer.
The tensiometer shall be capable of maintaining a constant jaw separation rate of two inches per
minute. They should not fail in the seam. If a specimen fails, the entire operation shall be
repeated. If the additional specimen fails, the seaming apparatus and seamer shall not be
accepted and shall not be used for seaming until the deficiencies are corrected and two
consecutive successful trial welds are achieved. The Geosynthetic CQA Consultant shall
observe all trial seam procedures.

The remainder of the successful trial seam sample shall be cut into three pieces, one to be
retained in the construction manager's archives, one to be given to the installer, and one to be
retained by the Geosynthetic CQA Consultant for possible laboratory testing. Each portion of
the sample shall be assigned a number and marked accordingly by the Geosynthetic CQA
Consultant, who shall also log the date, hour, ambient temperature, number of seaming unit,
name of seamer, and pass or fail description.

If agreed upon between the Construction Manager and the Geosynthetic CQA Consultant, and
documented by the Geosynthetic CQA Consultant in his/her daily report, the remaining portion
of the trial seam sample can be subjected to destructive testing. If a trial seam sample fails a test
conducted by the Geosynthetic QAL. then a destructive seam test sample shall be taken from
each of the seams completed by the seamer during the shift related to the considered trial seam.
These samples shall be forwarded to the Geosynthetic QAL and, if they fail the tests, the seam
shall be subjected to the "Destructive Test Failure Procedures" identified in this CQA Manual.
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SECTION TWO_________________GEOMEHBBANES
The conditions of this paragraph shall be considered satisfied for a given seam if a destructive
seam test sample has already been taken.

2.5.5 General Seaming Procedures

During general seaming, the Geosynthetic CQA Consultant shall be cognizant of the following:

1. For fusion welding, it may be necessary to place a movable protective layer of plastic
directly below each overlap of geomembrane that is to be seamed. This is to prevent any
moisture buildup between the sheets to be welded and prevent debns from collecting
around the pressure rollers.

2. If required, a firm substrate shall be provided by using a flat board, a conveyor belt, or
similar hard surface directly under the seam overlap to achieve proper support.

3. Fishmouths or wrinkles at the scam overlaps shall be cut along the ridge of the wrinkle in
order to achieve a flat overlap. The cut fishmouths or wrinkles shall be seamed and any
portion where the overlap is inadequate shall then be patched with an oval or round patch
of the same geomembrane extending a minimum of 6 inches (150 mm) beyond the cut in
all directions.

4. If seaming operations are carried out at night, adequate illumination shall be provided.
5. Seaming shall extend to the outside edge of panels placed in the anchor trench.
6. All cross seam tees should be extrusion welded to a minimum distance of 4 inches on

each side of the tee.

7. No field seaming shall take place without the master seamer being present.

The Geosynthetic CQA Consultant shall verify that the approved seaming procedures are
followed, and shall inform the Construction Manager of any nonconformance.

2.5.6 Seaming Weather Conditions

2.5.6.1 Normal Weather Conditions

The normal required weather conditions for seaming are as follows:

1. Ambient temperature between 32° F (0° C) and 104° F (40° C).
2. Dry conditions (i.e., no precipitation or other excessive moisture, such as fog or dew).
3. No excessive winds.

The Geosynthetic CQA Consultant shall verify that these weather conditions are fulfilled and
notify the Construction Manager in writing if they are not. Ambient temperature shall be
measured by the Geosynthetic CQA Consultant in the area in which the panels are to be placed.
The Construction Manager will then decide if the installation is to be stopped or special
procedures used.
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SECTION TWO_________________GEOMEMBRANES
2.5.6.2 Cold Weather Conditions

To ensure a quality installation, if seaming is conducted when the ambient temperature is below
32° F (0° C), the following conditions must be met:

1. Geomembrane surface temperatures shall be determined by the Geosynthetic CQA
Consultant at intervals of at least once per 100 foot of seam length to determine if
preheating is required. For extrusion welding, preheating is required if the surface
temperature of the geomembrane is below 32° F (0° C).

2. Preheating may be waived by the construction manager based on a recommendation from
the Geosynthetic CQA Consultant, if the installer demonstrates to the Geosynthetic CQA
Consultant's satisfaction that welds of equivalent quality may be obtained without
preheating at the expected temperature of installation.

3. If preheating is required, the Geosynthetic CQA Consultant shall inspect all areas of
geomembrane that have been preheated by a hot air device prior to seaming, to ensure
that they have not been overheated.

4. Care shall be taken to confirm that the surface temperatures are not lowered below the
minimum surface temperatures specified for welding due to winds or other adverse
conditions. It may be necessary to provide wind protection for the seam area.

5. All preheating devices shall be approved prior to use by the construction manager.
6. Additional destructive tests shall be taken at an interval between 500 and 250 feet of

seam length, at the discretion of the Geosynthetic CQA Consultant.
7. Sheet grinding may be performed before preheating, if applicable.
8. Trial seaming shall be conducted under the same ambient temperature and preheating

conditions as the actual seams. Under cold weather conditions, new trial seams shall be
conducted if the ambient temperature drops by more than 5° F from the initial trial seam
test conditions.

2.5.6.3 Warm Weather Conditions

At ambient temperatures above 104° F, no seaming of the geomembrane shall be permitted
unless the installer can demonstrate to the satisfaction of the construction manager that
geomembrane seam quality is not compromised.

Trial seaming shall be conducted under the same ambient temperature conditions as the actual
seams.

At the option of the Geosynthetic CQA Consultant, additional destructive tests may be required
for any suspect areas.
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2.6 NONDESTRUCTIVE SEAM TESTING

2.6.1 Concept

The Installer shall nondestructively test all field seams over their full length using a vacuum test
unit, air pressure test (for double fusion seams only), or other approved method. The purpose of
nondestructive tests is to check the continuity of seams. It does not provide quantitative
information on seam strength. Nondestructive testing shall be carried out as the seaming work
progresses, not at the completion of all field seaming.

For all seams, the Geosynthetic CQA Consultant shall:

1. Observe nondestructive testing procedures.
2. Record location, data, test unit number, name of tester, and outcome of all testing.
3. Inform the Installer and Construction Manager of any required repairs.

Any seam that cannot be nondestructively tested shall be cap-stripped with the same
geomembrane. The cap-stripping operations shall be observed by the Geosynthetic CQA
Consultant and Installer for uniformity and completeness.

2.6.2 Vacuum Testing

The following procedures are applicable to vacuum testing.

1. The equipment shall consist of the following:

a. A vacuum box assembly consisting of a rigid housing, a transparent viewing
window, a soft neoprene gasket attached to the bottom, a porthole or valve
assembly, and a vacuum gauge.

b. A pump assembly equipped with a pressure controller and pipe connections.
c. A rubber pressure/vacuum hose with fittings and connections.

d. A soapy solution.
e. A bucket and wide paint brush, or other means of applying the soapy solution.

2. The following procedures shall be followed:

a. Energize the vacuum pump and reduce the tank pressure to approximately 5 psi
(10 in. of Hg) (35 kPa) gauge.

b. Wet a strip of geomembrane approximately 12 inches x 48 inches (0.3 m x 1.2 m)
with the soapy solution.

c. Place the box over the wetted area.

d. Close the bleed valve and open the vacuum valve.
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e. Ensure that a leak-tight seal is created.
f. For a period of not less than 10 seconds, apply vacuum and examine the

geomembrane through the viewing window for the presence of soap bubbles.
g. If no bubble appears after 10 seconds, close the vacuum valve and open the bleed

valve, move the box over the next adjoining area with a minimum 3 inches (75
mm) overlap, and repeat the process.

h. All areas where soap bubbles appear shall be marked and repaired.

2.6.3 Air Pressure Testing

The following procedures are applicable to double fusion welding which produces a double seam
with an enclosed space.

1. The equipment shall consist of the following:

a. An air pump (manual or motor driven), equipped with pressure gauge capable of
generating and sustaining a pressure between 25 and 30 psi (160 and 200 kPa) and
mounted on a cushion to protect the geomembrane.

b. A rubber hose with fittings and connections.

c. A sharp hollow needle, or other approved pressure feed device.

2. The following procedures shall be followed:

a. Seal both ends of the seam to be tested.
b. Insert needle or other approved pressure feed device into the air channel created

by the fusion weld.

c. Insert a protective cushion between the air pump and the geomembrane.
d. Energize the air pump to a pressure between 25 and 30 psi (160 and 200 kPa).

close valve, allow 2 minutes for pressure to stabilize, and sustain pressure for at
least 5 minutes.

e. If loss of pressure exceeds 4 psi (30 kPa) or does not stabilize, locate faulty area
and repair in accordance with Section 4.9.3.

f. Cut opposite end of tested seam area once testing is completed to verify
continuity of the air channel. If air does not escape, locate blockage and retest
unpressurized area. Seal the cut end of the air channel.

g. Remove needle or other approved pressure feed device and seal.

2.6.4 Test Failure Procedure

The Installer shall complete any required repairs in accordance with the requirements of the
Specifications. For repairs, the Geosynthetic CQA Consultant shall:

1. Observe the repair and testing of the repair.
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SECTION TWO_________________GEOMEMBBANES
2. Mark on the geomembrane that the repair has been made.

3. Document the repair procedures and test results.

2.7 DESTRUCTIVE SEAM TESTING

2.7.1 Concept

Destructive seam tests shall be performed at selected locations in accordance with the
requirements of the Specifications. The purpose of these tests is to evaluate seam strength.
Seam strength testing shall be done as the seaming work progresses, not at the completion of all
field seaming.

2.7.2 Location and Frequency

The Geosynthetic CQA Consultant shall select locations where seam samples will be cut out for
laboratory testing. Those locations shall be established as follows:

1. A minimum frequency of one test location per 500 ft (150 m) of seam length performed
by each welder. This minimum frequency is to be determined as an average taken
throughout the entire facility.

2. Test locations shall be determined during seaming at the Geosynthetic CQA Consultant's
discretion. Selection of such locations may be prompted by suspicion of overheating,
contamination, offset welds, or any other potential cause of imperfect welding.

3. One additional CQA destructive seam test will be performed for every 10 destructive
tests required by the specifications with a minimum of two CQA destructive tests per
geomembrane layer.

The Installer shall not be informed in advance of the locations where the seam samples will be
taken.

2.7.3 Sampling Procedures

Samples shall be cut by the Installer at locations chosen by the Geosynthetic CQA Consultant as
the seaming progresses so that laboratory test results are available before the geomembrane is
covered by another material. The Geosynthetic CQA Consultant shall:

1. Observe sample cutting.
2. Assign a number to each sample, and mark it accordingly.^- r ^ _-

3. Record sample location on layout drawing.
4. Record reason for taking the sample at this location (e.g., statistical routine, suspicious

feature of the geomembrane).

Record reason for taking the sample at this location (e.g., statistical routine, suspicious feature of
the geomembrane).
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SECTION TWO GEOMEMBRANES

All holes in the geomembrane resulting from destructive seam sampling shall be immediate!)
repaired in accordance with repair procedures described in the Specification. The continuity of
the new seams in the repaired area shall be tested.

2.7.4 Sample Dimensions

At a given sampling location, two types of samples shall be taken by the Installer. First, two
samples for field testing should be taken. Each of these samples shall be cut with a 1-inch (25
mm) wide die, with the seam centered parallel to the width. The distance between these two
samples shall be 42 inches (1.1 m). If both samples pass the field test described in Section 4.8.5.
a sample for laboratory testing shall be taken.

The sample for laboratory testing shall be located between the samples for field testing. The
sample for laboratory testing shall be 12 inches (0.3 m) wide by 42 inches (1.1 m) long with the
seam centered lengthwise. The sample shall be cut into three parts and distributed as follows:

1. One portion to the Installer for optional laboratory testing, 12 inches x 12 inches (0.3 m x
0.3 m)

2. One portion for Geosynthetic QAL testing, 12 inches x 18 inches (0.3 m x 0.5 m) and
3. One portion to the Construction Manager for archive storage, 12 inches x 12 inches (0.3

m x 0.3 m).

Final determination of the sample sizes shall be made at the pre-construction meeting.

2.7.5 Field Testing

The two 1-inch (25 mm) wide strips shall be tested in the field using a tensiometer for peel and
shall not fail according to the criteria in the Specifications. The tensiometer shall be capable of
maintaining a constant jaw separation rate of 2 in. per minute. If the test passes in accordance
with this section, the sample qualifies for testing in the laboratory. If it fails, the seam should be
repaired. Final judgement regarding seam acceptability, based on the failure criteria shall be
made by the Construction Manager.

The Geosynthetic CQA Consultant shall witness all field tests and mark all samples and portions
with their number. The Geosynthetic CQA Consultant shall also log the date and time, ambient
temperature, number of seaming unit, name of seamer, welding apparatus temperatures and
pressures, and pass or fail description, and attach a copy to each sample portion.

2.7.6 Laboratory Testing

Destructive test samples shall be packaged and shipped, if necessary, under the responsibility of
the Geosynthetic CQA Consultant in a manner which will not damage the test sample. The
Construction Manager will be responsible for storing the archive samples. Test samples shall be
tested by the Geosynthetic QAL.
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SECTION TWO_________________GEOMEMBRANES
Testing shall include "seam strength" and "peel adhesion". These terms are defined in the
specifications. The minimum acceptable values to be obtained in these tests are indicated in the
Specifications. At least 5 specimens shall be tested in each shear and peel. Specimens shall be
selected alternately by test from the samples (i.e., peel, shear, peel, shear... ). A passing test shall
meet the minimum acceptable values in at least 4 of the 5 specimens tested for each method.

The Geosynthetic QAL shall provide verbal test results no more than 24 hours after they receive
the samples. The Geosynthetic CQA Consultant shall review laboratory test results as soon as
they become available, and make appropriate recommendations to the Construction Manager.

2.7.7 Destructive Test Failure Procedures

The following procedures shall apply whenever a sample fails a destructive test, whether that test
is conducted by the Geosynthetic QAL, or by field tensiometer. The Installer has two options:

1. The Installer can repair the seam between any two passing test locations.
2. The Installer can trace the welding path to an intermediate location (at 10 ft (3 m)

minimum from the point of the failed test in each direction) and take a sample with a 1 in.
(25 mm) wide die for an additional field test at each location. If these additional samples
pass the test, then full laboratory samples are taken. If these laboratory samples pass the
tests, then the seam is repaired between these locations. If either sample fails, then the
process is repeated to establish the zone in which the seam should be repaired.

All acceptable repaired seams shall be bound by two locations from which samples passing
laboratory destructive tests have been taken. Passing laboratory destructive tests of trial seam
samples taken as indicated in Section 4.6.4 may be used as a boundary for the failing seam. In
cases exceeding 150 ft (50 m) of repaired seam, a sample taken from the zone in which the seam
has been repaired must pass destructive testing. Repairs shall be made in accordance with
Specifications.

The Geosynthetic CQA Consultant shall document all actions taken in conjunction with
destructive test failures.

2.8 DEFECTS AND REPAIRS

2.8.1 Identification

All seams and non-seam areas of the geomembrane shall be examined by the Geosynthetic CQA
Consultant for identification of defects, holes, busters, undispersed raw materials, and any sign
of contamination by foreign matter. Because light reflected by the geomembrane helps to detect
defects, the surface of the geomembrane shall be clean at the time of examination. The
geomembrane surface shall be cleaned by the installer if the amount of dust or mud inhibits
examination.
2.8.2 Evaluation
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SECTION TWO_________________GEOMEMBRANES
Each suspect location both in seam and non-seam areas shall be nondestructively tested using the
methods described in the Specifications as appropriate. Each location which fails the
nondestructive testing shall be marked by the Geosynthetic CQA Consultant and repaired by the
installer. Work shall not proceed with any materials which will cover locations which have been
repaired until appropriate nondestructive and laboratory test results with passing values are
available.

2.8.3 Repair Procedures

Any portion of the geomembrane exhibiting a flaw, or failing a destructive or nondestructive test,
shall be repaired. Several procedures exist for the repair of these areas. The final decision as to
the appropriate repair procedure shall be agreed upon between the Construction Manager,
Installer, and Geosynthetic CQA Consultant.

1. The repair procedures available include:

a. Patching, used to repair large holes, tears, undispersed raw materials, and
contamination by foreign matter.

b. Spot welding or seaming, used to repair small tears, pinholes, or other minor,
localized flaws.

c. Capping, used to repair large lengths of failed seams.
d. Extrusion welding the flap, used to repair areas of inadequate fusion seams, which

have an exposed edge. Repairs of this type shall be approved by the Geosynthetic
CQA Consultant, and shall not exceed 50 ft (15 m) in length.

e. Removing bad seam and replacing with a strip of new material welded into place.

2. For any repair method, the following provisions shall be satisfied:

a. Surfaces of the geomembrane which are to be repaired using extrusion methods shall
be abraded no more than one hour prior to the repair.

b. All surfaces shall be clean and dry at the time of the repair.
c. All.seaming equipment used in repairing procedures shall meet the requirements of

the project CQA Manual.
d. Patches or caps shall extend at least 6 inches (150 mm) beyond the edge of the defect,

and all comers of patches shall be rounded with a radius of approximately 3 inches
(75 mm).

2.8.4 Repair Verification

Each repair shall be numbered and logged. Each repair shall be nondestructively tested using the
methods described in the Specifications as appropriate. Repairs which pass the nondestructive
test shall be taken as an indication of an adequate repair. Repairs more than 150 ft long may be
of sufficient extent to require destructive test sampling, at the discretion of the Geosynthetic
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SECTION TWO_________________6EOMEMBRANES
CQA Consultant. Failed tests indicate that the repair shall be redone and retested unt i l a passing
test results. The Geosynthetic CQA Consultant shall observe all nondestructive testing of repairs
and shall record the number of each repair, date, and test outcome.

2.8.5 Large Wrinkles

When seaming of the geomembrane is completed, and prior to placing overlying materials, the
Geosynthetic CQA Consultant shall indicate to the Construction Manager which wrinkles should
be cut and reseamed by the Installer. The number of wrinkles to be repaired should be. kept to
an absolute minimum. Therefore, wrinkles should be located during the coldest pan of the
installation process, while keeping in mind the forecasted weather to which the uncovered
geomembrane may be exposed. The geomembrane will be inspected for wrinkles every morning
by the Geosynthetic CQA Consultant and the results of the inspection will be documented. On
completion of geomembrane installation, it will be inspected for wrinkles by the Geosynthetic
CQA Consultant and the Agency and the results of this inspection will be video recorded with a
date stamp. Unacceptably large wrinkles will be removed after this final inspection. Wrinkles
are considered to be large when the geomembrane can be folded over on to itself. Seams
produced while repairing wrinkles shall be tested as outlined above.

When placing overlying material on the geomembrane, every effort must be made to minimize
wrinkle development. If possible, cover should be placed during the coolest weather available.
In addition, small wrinkles should be isolated and covered as quickly as possible to prevent their
growth. The placement of cover materials shall be observed by the Geosynthetic CQA
Consultant to ensure that wrinkle formation is minimized.

2.9 GEOMEMBRANE PROTECTION

The quality assurance procedures indicated in this section are intended only to assure that the
installation of adjacent materials does not damage the geomembrane. The quality assurance of
the adjacent materials themselves should be covered in separate sections of the project CQA
Manual as necessary.

2.9.1 Soils

A copy of the specifications prepared by the designer for placement of soils shall be given to the
Geosynthetic CQA Consultant by the Construction Manager. The Geosynthetic CQA Consultant
shall verify that these specifications are consistent with the state-of-practice such as:

1. Placement of soils on the geomembrane shall not proceed at an ambient temperature
below 32° F (0° C) nor above 104° F (40° C) unless otherwise specified.

2. Placement of soil on the geomembrane should be done during the coolest part of the day
to minimize the development of wrinkles in the geomembrane.

3. A geotextile or other cushion approved by the designer is generally required betw.een
aggregate and the geomembrane.

4. Equipment used for placing soil shall not be driven directly on the geomembrane.
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SECTION TWO_________________GEOMEMBRANES
5. A minimum thickness of 1 ft (0.3 m) of soil is specified between a light dozer (ground

pressure of 5 psi (35 kPa) or lighter) and the geomembrane.
6. In any areas traversed by any vehicles other than low ground pressure vehicles approved

by the Construction Manager, the soil layer shall have a minimum thickness of 3 ft (0.9
m). This requirement may be waived if provisions are made to protect the geomembrane
through an engineered design. Drivers shall proceed with caution when on the overlying
soil and prevent spinning of tires or sharp turns.

The Geosynthetic CQA Consultant shall measure soil thickness and verify that the required
thicknesses are present. The Geosynthetic CQA Consultant must also verify that final
thicknesses are consistent with the design and verify that placement of the soil is done in such a
manner that geomembrane damage is unlikely. The Geosynthetic CQA Consultant shall inform
the Construction Manager if the above conditions are not fulfilled.
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SECTION THREE__________________GEOTEXTIIES
3.1 QUALITY CONTROL DOCUMENTATION

Prior to the installation of any geotextile, the Manufacturer or Installer shall provide the
Construction Manager with the following information:

1. The origin (resin supplier's name and resin production plant) and identification (brand
name and number) of the resin used to manufacture the geotextile.

2. Copies of the quali ty control certificates issued by the resin supplier.
3. Reports on quality control tests conducted by the Manufacturer to verify that the

geotextile manufactured for the project meets the project specifications.
4. A specification for the geotextile which includes all properties contained in the project

specifications measured using the appropriate test methods.
5. Written certification that minimum average roll values given in the specification are

guaranteed by the Manufacturer.
6. For non-woven geotextiles, written certification that the Manufacturer has continuously

inspected the geotextile for the presence of needles and found the geotextile to be needle
free.

7. Quality control certificates, signed by a responsible party employed by the Manufacturer.
The quality control certificates shall include roll identification numbers, sampling
procedures and results of quality control tests. At a minimum, results shall be given for:

a. Mass per unit area
b. Grab strength
c. Trapezoidal tear strength
d. Burst strength

e. Puncture strength

f. Thickness

Quality control tests shall be performed in accordance with the frequency and test
methods identified in the project Specifications.

The Manufacturer shall identify all rolls of geotextiles with the following:

1. Manufacturer's name
2. Product identification
3. Roll number
4. Roll dimensions
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SECTION THREE__________________GEOTEXTJIES
The Geosynthetic CQA Consultant shall review these documents and shall report any
discrepancies with the above requirements to the Construction Manager. The Geosynthetic CQA
Consultant shall verify that:

1. Property values certified by the Manufacturer meet all of its guaranteed specifications.
2. Measurements of properties by the Manufacturer are properly documented and that the

test methods used are acceptable.
3. Quality control certificates have been provided at the specified frequency for all rolls, and

that each certificate identifies the rolls related to it.

4. Roll packages are appropriately labeled.

5. Certified minimum average roll properties meet the project specifications.

3.2 CONFORMANCE TESTING

Upon delivery of the rolls of geotextiles, the Geosynthetic CQA Consultant shall ensure that
conformance test samples are obtained for the geotextile. These samples shall then be forwarded
to the Geosynthetic QAL for testing to ensure conformance to ensure conformance to the project
specifications.

At a minimum, the following conformance tests shall generally be performed on geotextiles:

1. Mass per unit area
2. Grab strength

3. Trapezoidal tear strength

4. Burst strength

5. Puncture strength
6. Thickness

These conformance tests shall be performed in accordance with the test methods specified in the
project specifications. Other conformance tests may be required by the project specifications.

3.2.1 Sampling Procedures

The rolls to be sampled shall be selected by the Geosynthetic CQA Consultant. Samples shall be
taken across the entire width of the roll and shall not include the first complete revolution of
fabric on the roll. Samples shall not be taken from any portion of a roll which has been subjected
to excess pressure or stretching. Unless otherwise specified, samples shall be 3 ft (I m) long by
the roll width. The Geosynthetic CQA Consultant shall mark the machine direction on the
samples with an arrow. All lots of material and the particular test sample that represents each lot
should be defined before the samples are taken.
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SECTION THREE__________________GEOTEKTILES
A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
l ine. Alternatively, a lot may be designated by the Geosynthetic CQA Consultant based on a
review of all roll information including quality control documentation and manufacturing
records.

3.2.2 Test Results

All conformance test results shall be reviewed by the Geosynthetic CQA Consultant prior to the
deployment of the geotextile. The Geosynthetic CQA Consultant shall examine all results from
laboratory conformance testing and shall report any nonconformance to the Construction
Manager. The Geosynthetic CQA Consultant shall be responsible for checking that all test results
meet or exceed the property values listed in the project Specifications. Based upon the
recommendations of the Geosynthetic CQA Consultant, the Construction Manager shall accept
or reject the geotextile.

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question
be retested with a technical representative of the Manufacturer present during the testing. This
retesting shall be done at the expense of the Manufacturer. Alternatively, the Manufacturer may
have the sample retested at two different Solutia approved Geosynthetic QALs at the expense of
the Manufacturer. If both laboratories produce passing results, the material shall be accepted. If
both laboratories do not produce passing results, then the original Geosynthetic QAL's test
results shall be accepted. The use of these procedures for dealing with failed test results is
subject to the approval of the Construction Manager.

If a test result is in nonconformance, all material from the lot represented by the failing test
should be considered out of specification and rejected. Alternatively, at the option of the
Construction Manager, additional conformance test samples may be taken to "bracket" the
portion of the lot not meeting specification (note that this procedure is valid only when all rolls
in the lot are consecutively produced and numbered from one manufacturing line). To isolate the
out of specification material, additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the roll
that represents the initial failed test and the roll manufactured immediately after that roll (next
larger roll number) shall be rejected. If one or both of the additional tests fail, then the entire lot
shall be rejected or the procedure repeated with two additional tests that bracket a greater number
of rolls within the lot.

3.3 GEOTEXTILE DEPLOYMENT

During shipment and storage, the geotextile shall be protected from ultraviolet l ight exposure,
precipitation or other inundation, mud. dirt, dust, puncture, cutting, or any other damaging or
deleterious conditions. Geotextile rolls shall be shipped and stored in relatively opaque and
watertight wrappings. Wrappings shall be removed shortly before deployment.

The Geosynthetic CQA Consultant shall observe rolls upon delivery at the site and any deviation
from the above requirements shall be reported to the Construction Manager.
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SECTION THREE__________________GEOTEXTILES
The Installer shall handle all geotextiles in such a manner as to ensure they are not damaged in
any way. and the following shall be complied with:

1. On slopes, the geotextiles shall be securely anchored and then rolled down the slope in
such a manner as to continually keep the geotextile sheet in tension.

2. In the presence of wind, all geotextiles shall be weighted with sandbags or the equivalent.
Such sandbags shall be installed during deployment and shall remain until replaced with
cover material.

3. Geotextiles shall be cut using a geotextile cutter (hook blade) only. If in place, special
care shall be taken to protect other materials from damage which could be caused by the
cutting of the geotextiles.

4. The Installer shall take any necessary precautions to prevent damage to underlying layers
during placement of the geotextile.

5. During placement of geotextiles, care shall be taken not to entrap, in or beneath the
geotextile, stones, excessive dust, or moisture that could damage the geomembrane, cause
clogging of drains or filters, or hamper subsequent seaming.

6. A visual examination of the geotextile shall be carried out over the entire surface, after
installation, to ensure that no potentially harmful foreign objects, such as needles, are
present.

The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

3.4 SEAMING PROCEDURES

On slopes steeper than 10 (horizontal):! (vertical), all geotextiles shall be continuously sewn
(i.e., spot sewing is not allowed). Geotextiles shall be overlapped a minimum of 3 inches (75
mm) prior to seaming. In general, no horizontal seam shall be allowed on side slopes (i.e., seams
shall be along, not across, the slope), except as part of a patch.

On bottoms and slopes shallower than 10 (horizontal):! (vertical), geotextiles shall be seamed as
indicated above (preferred), or thermally bonded with the written approval of the Construction
Manager.

The Installer shall pay particular attention at seams to ensure that no earth cover material could
be inadvertently inserted beneath the geotextile.

Any sewing shall be done using polymeric thread with chemical and ultraviolet light resistance
properties equal to or exceeding those of the geotextile. Sewing shall be done using machinery
and stitch types specified in the project specifications or as approved in writing by the
Construction Manager and the Geosynthetic CQA Consultant.
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SECTION THREE__________________GEOTEKTILES
3.5 DEFECTS AND REPAIRS

Any holes or tears in the geotextile shall be repaired as follows:

1. On slopes, a patch made from the same geotextile shall be sewn into place in accordance
with the project specifications. Should any tear exceed 10% of the width of the roll, that
roll shall be removed from the slope and replaced.

2. Care shall be taken to remove any soil or other material which may have penetrated the
torn geotextile.

3. The Geosynthetic CQA Consultant shall observe any repair and report any
noncompliance with the above requirements in writing to the Construction Manager.

3.6 GEOTEXTILE PROTECTION

All soil materials located on top of a geotextile shall be deployed in such a manner as to ensure:

1. The geotextile and underlying lining materials are not damaged.
2. Minimal slippage of the geotextile on underlying layers occurs.
3. No excess tensile stresses occur in the geotextile.

Any noncompliance shall be noted by the Geosynthetic CQA Consultant and reported to the
Construction Manager. If portions of the geotextile are exposed, the Geosynthetic CQA
Consultant may periodically place two (or more, at his discretion) marks on the geotextile 10 ft
(3 m) apart along the slope and measure the elongation of the geotextile during the placement of
soil. This data shall be reported to the Construction Manager.
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4.1 QUALITY CONTROL DOCUMENTATION

Prior to the installation of any geonet, the Manufacturer or Installer shall provide the
Construction Manager with the following information:

1. The origin (resin supplier's name and resin production plant), identification (brand name
and number), and production date of the resin.

2. Copies of the quality control certificates issued by the resin supplier.
3. Reports on tests conducted by the Manufacturer to verify that the quality of the resin used

to manufacture the geonet meets the Specifications.
4. Reports on quality control tests conducted by the Manufacturer to verify that the geonet

manufactured for the project meets the project specifications.
5. A list of the materials which comprise the geonet expressed in the following categories as

percent by weight: polyethylene, carbon black, other additives.
6. A specification for the geonet which includes all properties contained in the

Specifications measured using the appropriate test methods.
7. Written certification that minimum values given in the specification are guaranteed by the

Manufacturer.

8. Quality control certificates, signed by a responsible party employed by the Manufacturer.
The quality control certificates shall include roll identification numbers, sampling
procedures and results of quality control tests. At a minimum, results shall be given for:

a. Density

b. Mass per unit area

c. Thickness
d. Carbon black content
e. Transmissivity

Quality control tests shall be performed in accordance with the frequency and test
methods identified in the Specifications.

The Manufacturer shall identify all rolls of geonets with the following:

1. Manufacturer's name

2. Product identification

3. Roll number
4. Roll dimensions
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SECTION FOUR____________________GEBNETS
The Geosynthetic CQA Consultant shall review these documents and shall report any
discrepancies with the above requirements to the Construction Manager. The Geosynthetic CQA
Consultant shall verify that:

1. Property values certified by the Manufacturer meet all of its guaranteed specifications.

2. Measurements of properties by the Manufacturer are properly documented and that the
test methods used are acceptable.

. 3. Quality control certificates have been provided at the specified frequency for all rolls, and
that each certificate identifies the rolls related to it.

4. Roll packages are appropriately labeled.
5. Certified minimum properties meet the Specifications.

4.2 CONFORMANCE TESTING

Upon delivery of the rolls of geonet, the Geosynthetic CQA Consultant shall ensure that
conformance test samples are obtained for the geonet. These samples shall then be forwarded to
the Geosynthetic QAL for testing to ensure conformance to the Specifications.

At a minimum, the following tests shall be performed:

1. Density

2. Mass per unit area

3. Thickness

4. Interface friction between smooth geomembrane/geonet and textured geomembrane/
geonet.

5. Transmissivity

These conformance tests shall be performed in accordance with the test methods specified in the
Solutia specifications. Other conformance tests required by the project specifications shall be
performed. Interface friction test results shall be submitted for review and approval within 30
days of contract award.

4.2.1 Sampling Procedures

The rolls to be sampled shall be selected by the Geosynthetic CQA Consultant. Samples shall be
taken across the entire width of the roll and shall not include the first 3 ft (1 m). Unless otherwise
specified, samples shall be 3 ft (1 m) long by the roll width. The Geosynthetic CQA Consultant
shall mark the machine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic CQA Consultant based on a
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SECTION FOUR____________________GEONETS
review of all roll information including quality control documentation and manufacturing
records.

4.2.2 Test Results

All conformance test results shall be reviewed and by the Geosynthetic CQA Consultant prior to
the deployment of the geonet. The Geosynthetic CQA Consultant shall examine all results from
laboratory conformance testing and shall report any nonconformance to the Construction
Manager. The Geosynthetic CQA Consultant shall be responsible for checking that all test results
meet or exceed the property values listed in the project specifications. Based upon the
recommendations of the Geosynthetic CQA Consultant the Construction Manger will accept or
reject the geonet.

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question
be retested by the Geosynthetic QAL with a technical representative of the Manufacturer present
during the testing. This retesting shall be done at the expense of the Manufacturer. Alternatively,
the Manufacturer may have the sample retested at two different Solutia approved Geosynthetic
QALs at the expense of the Manufacturer. If both laboratories produce passing results, the
material shall be accepted. If both laboratories do not produce passing results, then the original
Geosynthetic QAL's test results shall be accepted. The use of these procedures for dealing with
failed test results is subject to the approval of the Construction Manager.

If a test result is in nonconformance, all material from the lot represented by the failing test
should be considered out of specification and rejected. Alternatively, at the option of the
Construction Manager, additional conformance test samples may be taken to "bracket" the
portion of the lot not meeting specification (note that this procedure is valid only when all rolls
in the lot are consecutively produced and numbered from one manufacturing line). To isolate the
out of specification material, additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the roll
that represents the initial failed test and the roll manufactured immediately after that roll (next
larger roll number) shall be rejected. If one or both of the additional tests fail, then the entire lot
shall be rejected or the procedure repeated with two additional tests that bracket a greater number
of rolls within the lot.

4.3 GEONET DEPLOYMENT

The Geosynthetic CQA Consultant shall examine rolls upon delivery and any deviation from the
above requirements shall be reported to the Construction Manager.

Geonet cleanliness is essential to its performance. Therefore, the geonet rolls should be
protected against dust and dirt during shipment and storage.

The Geosynthetic CQA Consultant shall verify that the geonet is free of dirt and dust prior to
installation. The Geosynthetic CQA Consultant shall report the outcome of this verification to
the Construction Manager, and if the geonet is judged dirty or dusty, it shall be washed by the
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SECTION FOUR____________________GEONETS
Installer prior to installation. Washing operations shall be observed by the Geosynthetic CQA
Consultant and improper washing operations shall be reported to the Construction Manager.

The Installer shall handle all geonet in such a manner as to ensure that it is not damaged in any
way. and the following shall be complied with:

1. On slopes, the geonet shall be secured and rolled down the slope in such a manner as to
continually keep the geonet sheet in tension. If necessary, the geonet shall be positioned
by hand after being unrolled to minimize wrinkles.

2. In the presence of wind, all geonet shall be weighted with sandbags or the equivalent.
Such sandbags shall be installed during deployment and shall remain until replaced with
cover material.

3. Unless otherwise specified, geonet shall not be welded to geomembrane.
4. Geonet shall only be cut using scissors or other cutting tools approved by the

Construction Manager that will not damage the underlying geosynthetics. Care shall be
taken not to leave tools in the geonet.

5. The Installer shall take any necessary precautions to prevent damage to underlying layers
during placement of the geonet.

6. During placement of geonet, care shall be taken not to entrap in the geonet dirt or
excessive dust that could cause clogging of the drainage system, and/or stones that could
damage the adjacent geomembrane. If dirt or excessive dust is entrapped in the geonet. it
should be hosed clean prior to placement of the next material on top of it. In this regard,
care shall be taken with the handling of sandbags, to prevent rupture or damage of the
sandbag.

The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

4.4 SEAMS AND OVERLAPS

Adjacent geonet shall be joined according to construction drawings and specifications. At a
minimum, the following requirements shall be met:

1. Adjacent rolls shall be overlapped by at least 4 inches (100 mm).
2. Overlaps shall be secured by tying.
3. Tying can be achieved by plastic fasteners or polymer braid. Tying devices shall be white

or yellow for easy inspection. Metallic devices are not allowed.

4. Tying shall be every 5 ft (1.5 m) along the slope, every 6 inches (0.15 m) in the anchor
trench, and every 6 inches (0.15 m) along end-to-end scams on the base of the landfill.

5. In general, no horizontal seams shall be allowed on side slopes.
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SECTION FOUR____________________GEONETS
6. In the corners of the side slopes of rectangular landfills, where overlaps between

perpendicular geonet strips are required, an extra layer of geonet shall be unrolled along
the slope, on top of the previously installed geonet, from top to bottom of the slope.

7. When more than one layer of geonet is installed, joints shall be staggered.

The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

When several layers of geonet are stacked, care shall be taken to prevent strands of one layer
from penetrating the channels of the next layer, thereby significantly reducing the transmissivity.
This cannot happen if stacked geonet are placed in the same direction.

4.5 DEFECTS AND REPAIRS

Any holes or tears in the geonet shall be repaired by placing a patch extending 1 ft (0.3 m)
beyond the edges of the hole or tear. The patch shall be secured to the original geonet by tying
every 6 inches (0.15 m). Tying devices shall be as indicated in the Specifications. If the hole or
tear width across the roll is more than 50% of the width of the roll, the damaged area shall be
repaired as follows:

1. On the base of the landfill, the damaged area shall be cut out and the two portions of the
geonet shall be joined as indicated in the Specifications.

2. On sideslopes, the damaged geonet shall be removed and replaced.

The Geosynthetic CQA Consultant shall observe any repair and report any noncompliance with
the above requirements in writing to the Construction Manager.

4.6 GEONET PROTECTION

Soil should never be placed in direct contact with geonet. Soil materials near the geonet shall be
placed in such a manner as to ensure:

1. The geonet and underlying lining materials are not damaged.
2. Minimal slippage of the geonet on underlying layers occurs.
3. No excess tensile stresses occur in the geonet.

Any noncompliance shall be noted by the Geosynthetic CQA Consultant and reported to the
Construction Manager.
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SECTION FIVE_____________________GEOGRIDS
5.1 QUALITY CONTROL DOCUMENTATION

Prior to the installation of any geognd. the Manufacturer or Installer shall provide the
Construction Manager with the following information:

1. The origin (resin supplier's name and resin production plant), identification (brand name
and number), and production date of the resin.

2. Copies of the quality control certificates issued by the resin supplier.

3. Reports on tests conducted by the Manufacturer to verify that the quality of the resin used
to manufacture the geognd meets the Specifications.

4. Reports on quality control tests conducted by the Manufacturer to verify that the geognd
manufactured for the project meets the project specifications.

5. A list of the materials which comprise the geognd, expressed in the following categories
as percent by weight: polyethylene, carbon black, other additives.

6. A specification for the geogrid which includes all properties contained in the project
specifications measured using the appropriate test methods.

7. Written certification that minimum values given in the specification are guaranteed by the
Manufacturer.

8. Quality control certificates, signed by a responsible party employed by the Manufacturer.
The quality control certificate shall include roll identification numbers, sampling
procedures, and results of quality control tests. At a minimum, results shall be given for:

a. Mass per unit area

b. Measurement of spacing between strands
c. Wide stnp tensile strength
d. Node strength

Quality control tests shall be performed in accordance with the frequency and test methods
specified in the Specifications.

The Manufacturer shall identify all rolls of geogrids with the following:

a. Manufacturer's name
b. Product identification

c. Roll number
d. Roll dimensions

The Geosynthetic CQA Consultant shall review these documents and shall report any
discrepancies with the above requirements to the Construction Manager. The Geosynthetic CQA
Consultant shall verify that:

Revision I 04/02/01
5-1 ,.„...„..„,,„,.„,,_.,,.,,,,„,....,



SECTION HUE____________________CEOGBIDS
1. Property values certified by the Manufacturer meet all of its guaranteed specifications.

2. Measurement of properties by the Manufacturer are properly documented and that the test
methods used are acceptable.

3. Quality control certificates have been provided at the specified frequency for all rolls, and
that each certificate identifies the rolls related to it.

4. Roll packages are appropriately labeled.

?. Certified minimum properties meet the Specifications.

5.2 CONFORMANCE TESTING

Upon delivery of the rolls of geogrid, the Geosynthetic CQA Consultant shall ensure that
conformance test samples are obtained for the geogrid. These samples shall then be forwarded to
the Geosynthetic QAL for testing to ensure conformance to the project specifications.

At a minimum, the following conformance tests shall be performed on geogrid:

1. Mass per unit area
2. Measurement of spacing between strands
3. Wide strip tensile strength

4. Node strength

These conformance tests shall be performed in accordance with the test methods specified in the
project specifications. Other conformance tests may be required by the project specifications.

5.2.1 Sampling Procedures

The rolls to be sampled shall be selected by the Geosynthetic CQA Consultant. Samples shall be
taken across the entire width of the roll and shall not include the first 3 ft (1 m). Unless
otherwise specified, samples shall be 3 ft (1 m) long by the roll width. The Geosynthetic CQA
Consultant shall mark the machine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic CQA Consultant based on a
review of all roll information including quality control documentation and manufacturing
records.

5.2.2 Test Results

All conformance teat results must be reviewed and accepted or rejected by the Geosynthetic CQA
Consultant prior to the deployment of the geogrid.
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SECTION FIVE____________________GEOGRIDS
The Geosynthetic CQA Consultant shall examine all results from laboratory conformance testing
and shall report any nonconformance to the Construction Manager. The Geosynthetic CQA
Consultant shall be responsible for checking that all test results meet or exceed the minimum
property values listed in project specifications.

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question
be retested by the Geosynthetic QAL with a technical representative of the Manufacturer present
during the testing. This retesting shall be done at the expense of the Manufacturer. Alternatively,
the Manufacturer may have the sample retested at two different Solutia approved Geosynthetic
QALs at the expense of the Manufacturer. If both laboratories produce passing results, the
matenal shall be accepted. If both laboratories do not produce passing results, then the original
Geosynthetic QAL's test results shall be accepted. The use of these procedures for dealing with
failed test results is subject to the approval of the Construction Manager.

If a test result is in nonconformance, all material from the lot represented by the failing test shall
be considered out of specification and rejected. Alternatively, at the option of the Construction
Manager, additional conformance test samples may be taken to "bracket" the portion of the lot
not meeting specification (note that this procedure is valid only when all rolls in the lot are
consecutively produced and numbered from one manufacturing line). To isolate the out of
specification material additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the roll
that represents the initial failed test and the roll manufactured immediately after that roll (next
larger roll number) shall be rejected. If one or both of the additional tests fail, then the entire lot
shall be rejected or the procedure repeated with two additional tests that bracket a greater number
of rolls within the lot.

5.3 GEOGRID DEPLOYMENT

The Installer shall handle all geogrid in such a manner as to ensure it is not damaged in any way.
and the following shall be complied with:

1. On slopes, the geogrid shall be secured and rolled down the slope in such a manner as
to continually keep the geogrid in tension.

2. In the presence of wind, all geogrids shall be weighted with sandbags or the
equivalent. Such sandbags shall be installed during deployment and shall remain until
replaced with cover matenal.

3. Geogrid shall be cut using scissors only. If in place, special care shall be taken to
protect other materials from damage which could be caused by the cutting of the
geogrid.

4. The Installer shall take any necessary precautions to prevent damage to underlying
layers during placement of the geogrid.
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SECTION FIVE____________________GEOGBIDS
The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

5.4 SEAMS AND OVERLAPS

The geogrid, where used, shall be placed in continuous pieces downslope. No lateral joining is
required. Edge to edge placement shall be sufficient.

Where geognd is joined end to end, a splice approved by the manufacturer shall be used. The
splice shall not have any metallic components.

5.5 REPAIRS

Any damaged roll of geogrid shall be discarded. No repairs shall be allowed.

5.6 SOIL MATERIALS PLACEMENT

All soil matenals located on top of a geogrid shall be deployed in such a manner as to ensure:

1. The geogrid and underlying materials are not damaged.
2. Minimal slippage of the geogrid on underlying layers occurs.

Any noncompliance shall be noted by the Geosynthetic CQA Consultant and reported to the
Construction Manager.
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SECTION SIX_____________GEOSYNTHETIC CLAY LINER
6.1 QUALITY CONTROL DOCUMENTATION

Prior to the installation of any geosynthetic clay liner (GCL), the Manufacturer or Installer shall
provide the Construction Manager with the following information:

1. The origin (supplier's name and production plant), identification (brand name and
number), and production date.

2. Copies of the quality control certificates issued by the supplier.
3. Reports on tests conducted by the Manufacturer to verify that the quality used to

manufacture the GCL meets the Specifications.
4. Reports on quality control tests conducted by the Manufacturer to verify that the GCL

manufactured for the project meets the project specifications.
5. A specification for the GCL which includes all properties contained in the Specifications

measured using the appropriate test methods.
6. Written certification that minimum values given in the specification are guaranteed by the

Manufacturer.

7. Quality control certificates, signed by a responsible party employed by the Manufacturer.
The quality control certificates shall include roll identification numbers, sampling
procedures and results of quality control tests. At a minimum, results shall be given for:

a. Swell Index
b. Mass per unit area
c. Thickness
d. Grab Tensile Strength
e. Permeability

Quality control tests shall be performed in accordance with the frequency and test
methods identified in the Specifications.

The Manufacturer shall identify all rolls of GCLs with the following:

1. Manufacturer's name
2. Product identification

3. Roll number

4. Roll dimensions

The Geosynthetic CQA Consultant shall review these documents and shall report any
discrepancies with the above requirements to the Construction Manager. The Geosynthetic CQA
Consultant shall verifv that:
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SECTION SIX_____________GEOSYNTHETIC CUWUNER
1. Property values certified by the Manufacturer meet all of its guaranteed specifications.

2. Measurements of properties by the Manufacturer are properly documented and that the
test methods used are acceptable.

3. Quality control certificates have been provided at the specified frequency for all rolls, and
that each certificate identifies the rolls related to it.

4. Roll packages are appropriately labeled.
5. Certified minimum properties meet the Specifications.

6.2 CONFORMANCE TESTING

Upon delivery of the rolls of GCL, the Geosynthetic CQA Consultant shall ensure that
conformance test samples are obtained for the GCL. These samples shall then be forwarded to
the Geosynthetic QAL for testing to ensure conformance to the Specifications.

At a minimum, the following tests shall be performed:

1. Swell Index
2. Mass per unit area
3. Thickness

4. Permeability

5. Interface friction between geosynthetic clay liner/soil as well as the textured
geomembrane/geosynthetic clay liner conformance test identified in Section 2.2.

These conformance tests shall be performed in accordance with the test methods specified in the
Solutia specifications. Other conformance tests required by the project specifications shall be
performed.

6.2.1 Sampling Procedures

The rolls to be sampled shall be selected by the Geosynthetic CQA Consultant. Samples shall be
taken across the entire width of the roll and shall not include the first 3 ft (1 m). Unless otherwise
specified, samples shall be 3 ft (1 m) long by the roll width. The Geosynthetic CQA Consultant
shall mark the machine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic CQA Consultant based on a
review of all roll information including quality control documentation and manufacturing
records.

Revision 1 04/02/01
URS 6-2 ,,„...„...,„.„„.,„„„,_..,.,.,.„,,.,,,.,..,



SECTION SIX_____________GEOSYNTHETIC CLAY LINER
6.2.2 Test Results

All conformance test results shall be reviewed and by the Geosynthetic CQA Consultant prior to
the deployment of the GCL. The Geosynthetic CQA Consultant shall examine all results from
laboratory conformance testing and shall report any nonconformance to the Construction
Manager. The Geosynthetic CQA Consultant shall be responsible for checking that all test results
meet or exceed the property values listed in the project specifications. Based upon the
recommendations of the Geosynthetic CQA Consultant the Construction Manger will accept or
reject the GCL.

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question
be retested by the Geosynthetic QAL with a technical representative of the Manufacturer present
during the testing. This retesting shall be done at the expense of the Manufacturer. Alternatively,
the Manufacturer may have the sample retested at two different Solutia approved Geosynthetic
QALs at the expense of the Manufacturer. If both laboratories produce passing results, the
material shall be accepted. If both laboratories do not produce passing results, then the original
Geosynthetic QAL's test results shall be accepted. The use of these procedures for dealing wi th
failed test results is subject to the approval of the Construction Manager.

If a test result is in nonconformance, all material from the lot represented by the failing test
should be considered out of specification and rejected. Alternatively, at the option of the
Construction Manager, additional conformance test samples may be taken to "bracket" the
portion of the lot not meeting specification (note that this procedure is valid only when all rolls
in the lot are consecutively produced and numbered from one manufacturing line). To isolate the
out of specification material, additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the roll
that represents the initial failed test and the roll manufactured immediately after that roll (next
larger roll number) shall be rejected. If one or both of the additional tests fail, then the entire lot
shall be rejected or the procedure repeated with two additional tests that bracket a greater number
of rolls within the lot.

6.3 GCL DEPLOYMENT

The Geosynthetic CQA Consultant shall examine rolls upon delivery and any deviation from the
above requirements shall be reported to the Construction Manager. .

The Installer shall handle all GCL in such a manner as to ensure that it is not damaged in any
way. and the following shall be complied with:

1. On slopes, the GCL shall be secured and rolled down the slope in such a manner as to
continually keep the GCL sheet in tension. If necessary, the GCL shall be positioned by
hand after being unrolled to minimize wrinkles.

2. In the presence of wind, all GCL shall be weighted with sandbags or the equivalent. Such
sandbags shall be installed during deployment and shall remain until replaced with cover

____material.___________
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SECTION SIX_____________GEOSYNTHETIC CLAY LINER
3. Unless otherwise specified, GCL shall not be welded to geomembrane.

4. GCL shall only be cut using scissors or other cutting tools approved by the Construction
Manager that will not damage the underlying geosynthetics. Care shall be taken not to
leave tools in the GCL.

5. The Installer shall take any necessary precautions to prevent damage to underlying layers
during placement of the GCL.

6. During placement of GCL, care shall be taken not to entrap dirt or excessive dust that
could cause clogging of the drainage system, and/or stones that could damage the
adjacent geomembrane. In this regard, care shall be taken with the handling of sandbags.
to prevent rupture or damage of the sandbag.

The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

6.4 SEAMS AND OVERLAPS

Adjacent GCL shall be joined according to construction drawings and specifications. At a
minimum, the following requirements shall be met:

1. Adjacent rolls shall be overlapped by at least 4 inches (100 mm).
2. In general, no horizontal seams shall be allowed on side slopes.
3. In the comers of the side slopes of rectangular landfills, where overlaps between

perpendicular GCL strips are required, an extra layer of GCL shall be unrolled along the
slope, on top of the previously installed GCL, from top to bottom of the slope.

4. When more than one layer of GCL is installed, joints shall be staggered.

The Geosynthetic CQA Consultant shall note any noncompliance and report it to the
Construction Manager.

6.5 DEFECTS AND REPAIRS

Any holes or tears in the GCL shall be repaired by placing a patch extending 1 ft (0.3 m) beyond
the edges of the hole or tear. If the hole or tear width across the roll is more than 50% of the
width of the roll, the damaged area shall be repaired as follows:

1. On the base of the landfill, the damaged area shall be cut out and the two portions of the
GCL shall be joined as indicated in the Specifications.

2. On sideslopes, the damaged GCL shall be removed and replaced.

The Geosynthetic CQA Consultant shall observe any repair and report any noncompliance with
the above requirements in writing to the Construction Manager.
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SECTION EIGHT________________DOCUMENTATION
An effective CQA Manual depends largely on identification of all construction activities that
shall be monitored, and on assigning responsibilities for the monitoring of each activity. This is
most effectively accomplished and verified by the documentation of quality assurance activities.
The Geosynthetic CQA Consultant shall document that all requirements in the geosynthetic
portions of the project have been addressed and satisfied.

The Geosynthetic CQA Consultant shall provide the Construction Manager with signed
descriptive remarks, data sheets, and checklists to verify that all monitoring activities have been
carried out. The Geosynthetic CQA Consultant shall also maintain at the job site a complete file
of all documents which comprise the CQA Manual, including Plans and Specifications,
checklists, test procedures, daily logs, and other pertinent documents.

8.1 DAILY REPORTS

Each on-site representative of the Geosynthetic CQA Consultant shall complete a daily report
and/or logs on prescribed forms, outlining all monitoring activities for that day. The precise
areas, panel numbers, seams completed and approved, and measures taken to protect unfinished
areas overnight shall be identified. Failed seams or other panel areas requiring remedial action
shall be identified with regard to nature of action, required repair, and precise location. Repairs
completed must also be identified. Any problems or concerns with regard to operations on site
should also be noted. Any matters requiring action by the Construction Manager shall be
identified. The report shall include a summary of the quantities of all geosynthetics installed that
day.

This report must be completed daily, and submitted to the Construction Manager at the
beginning of the work day following the report date.

8.2 DESTRUCTIVE TESTING REPORTS

The destructive test reports from all sources shall be collated by the Geosynthetic CQA
Consultant. This includes field tests. Installers laboratory tests (if performed), and Geosynthetic
QAL tests. A summary list of test sample pass/fail results shall be prepared by the Geosynthetic
CQA Consultant on an ongoing basis, and submitted with the weekly progress reports.

8.3 PROGRESS REPORTS

Progress reports shall be prepared by the Geosynthetic CQA Consultant and submitted to the
Construction Manager. These reports shall be submitted every week, starting the first Friday of
geosynthetics deployment on site. This report shall include: an overview of progress to date; an
outline of any changes made to the Plans or Specifications, any problems or deficiencies in
installation at the site, and an outline of any action taken to remedy the situation(s); a summary
of weather conditions; and a brief description of activities anticipated for the next reporting
period.

All geosynthetics CQA Consultant daily reports for the period should be appended to each
progress report.

Revision 1 04/02/01
8-1 ,.,..„..„,,._,,„,._,_„:,,,...,..,.



SECTION EIGHT________________DOCUMENTATION
8.4 AS-BUILT DRAWINGS

As-built drawings shall be prepared by the Geosynthetic CQA Consultant. The as-built drawings
shall include, at a minimum, the following information for geomembranes:

1. Dimensions of all geomembrane field panels.
2. Location, as accurate as possible, of each panel relative to the site survey grid (furnished

by the Construction Manager).
3. Identification of all seams and panels with appropriate numbers or identification codes

(see Section 4.5.1).

4. Location of all patches and repairs.

5. Location of all destructive testing samples.

Information collected during installation of the geosynthetic materials shall be compiled in the
field while construction is in progress. Upon completion of a layer or component of the landfill
(e.g. primary geomembrane liner) a draft copy of the compiled as built drawing and construction
data shall be submitted to the Construction Manager.

The as-built drawings shall illustrate each layer of geomembrane, and, if necessary, another
drawing shall identify problems or unusual conditions of the geotextile or geonet layers. In
addition, applicable cross-sections shall show layouts of geonets, geotextiles or geogrids in sump
areas or any other areas which are unusual or differ from the design Plans.

8.5 FINAL CERTIFICATION REPORT

A final certification report shall be submitted upon completion of the work. This report shall
summarize the activities of the project, and document all aspects of the quality assurance
program performed.

The final certification report shall include, at a minimum, the following information:

1. Parties and personnel involved with the project
2. Scope of work
3. Outline of project

4. Quality assurance methods

5. Test results (conformance, destructive and non-destructive, including laboratory tests)

6. Certification, sealed and signed by a registered Professional Engineer

7. As-built drawings, sealed and signed by a registered professional engineer

The Geosynthetic CQA Consultant shall certify in the report that the installation has proceeded
in accordance with the project Plans and Specifications except as noted to the Construction
Manager. A recommended outline for the final certification report is given in Exhibit 2-1. At
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SECTION EIGHT________________DOCUMENTATION
the direction of the Construction Manager this final certification report may be combined with
the certification report for the soil components of the lining and final cover system.
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TABLE 1

GEOSYNTIIETIC MATERIAL PROPERTIES
SAUGET AREA 1 TSCA LANDFILL

SOLUTIA INC.
CAIIOKIA, ILLINOIS

Material Type

I1DPE Gcomenibranc
Smooth

Property

Liner Thickness, mils (nominal)

Density (g/cc)

Tensile Properties (min . aveg.)

1. Tensile Strength @ Yield (ppi)
2. Tensile Strength P Break (pp i )
3. Hlongation @ Yield ('/< )
4. Elongation @ Break ('/< )

Tear Resistance ( m i n . ave.)

Dimensional Stabi l i ty % Change
Each Direction

Stress Crack Resistance (h is)

Puncture Resistance (min. aveg.)

Carbon Black Content (%)
Carbon Black Dispersion

Oxidutive Induction Time (OIT)

(a) Standard OIT (min. aveg.)
-or-

( b ) H i g h Pressure OIT (min.
aveg.)

Test Method

ASTMD5I99

ASTM D 1505- A

ASTM D 638 Type IV
Dumb-bell @ 2 ipm
(2.0" Gauge Length)

(NSF54, Mod.)

ASTM D 1004 Die C

ASTMD 1204
212"I: 1 hr

ASTM D 5397

ASTM 4833

ASTM D 1603
ASTM D 5596

ASTM D 3895

ASTM D 5885

Requirements
Value

60

0.94

126
228
12

700

42

± 2

200

108

2
A l , A 2 a n d B l

100

400

Units

mils

g/cc

Ibs/in.
Ibs/in.

%
7,

—

his

Ibs

%

min.

min .

Frequency

Per Roll

200,00 Ibs

20.000 Ibs

45,000 Ibs

Per Batch

45,000 Ibs

20,000 Ibs
45,000 Ibs

200,000 Ibs

URS of 4
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Material Type

IIDPE Geomembrane

Textured

Property

UV Resistance

(a) Standard OIT (min. avcg.)
-01-

(b) High Pressure OIT (min.
aveg.) - % retained after
1600 hrs

Liner Thickness, mils (nominal)

Density (g/cc)

Asperity Height

Tensile Properties (min. aveg.)

1. Tensile Strength @ Yield (ppi)
2. Tensile Strength @ Break (ppi)
3. Elongation @ Yield (%)
4. Klongation @ Break (%)

Tear Resistance (min. aveg.)

Dimensional S tabi l i ty % Change
Each Direction

Stress Crack Resistance (hrs)

Puncture Resistance (min. aveg.)

Carbon Black Content (7< )
Carbon Black Dispersion

Oxidative Induction Time (OIT)

(a) Standard OIT (min . aveg.)
-or-

(b) High Pressure OIT (min.
aveg.)

Test Method

C.M 1 1

ASTM D 3895

ASTM D 5885

ASTM D 5 199

ASTMD 1505- A

GM 12

ASTM D 638 Type IV
Dumb-bell @ 2 ipm
(2.0" Gauge Length)

(NSF54, Mod.)

ASTM D 1004 Die C

ASTM D 1 204
212"F 1 hr

ASTM D 5397

ASTM 4833

ASTMD 1603
ASTM D 5596

ASTM D 3895

ASTM D 5885

Requirements
Value

Not Recommend

50

60

0.94

10

126
90
12

100

42 lbs

± 2

200

90
2

A 1 , A2 and B 1

100

400

Units

N/A

<;;

mils

g/cc

mils

Ibs/in.
Ibs/in.

%
%

Ibs
—

hrs

Ibs

his
%

min .

m i n .

Frequency

Per Batch

Per Roll

200,000 Ihs

Per Roll

...

...

...

...

URS 2 o f 4
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Material Type

Gcotextile

Gconct

Property

UV Resistance

(a) Standard O1T (min. ave.)
-or-

(b) High Pressure O1T (min.
ave.) - % retained alter 1600
his

Mass per Area

Grab Strength

Klongation

AOS

Permittivity

Trapezoidal Tear Strength

Hurst Strength

Puncture Strength

Density

Thickness

Melt I:low Index

Carbon Black Content

Tensile Strength at Break:

• Machine Direction
• Cross Direction

Transmissivity

Test Method

CM 1 1

ASTM D 3895

ASTM D 5885

ASTM D 5261

ASTM D 4632

ASTM D 4632

ASTM D 475 1

ASTM D 4491

ASTM D 4533

ASTM D 3786

ASTM D 4833

ASTM D 792 or D 1505

ASTM D5199

ASTM D 1238

ASTM D 1603

ASTM D 4595
ASTM D 4595
ASTM D4716

Requirements
Value

Not Recommend

50

16

380

60

100

0.7

145

750

240

0.90 min.

200 min.

1.0 max.

2-3 range

360 (min.)
200 (min.)

1.0

Units

N/A

'','<•

oz/yd2

Ibs

%

U.S. Sieve

sec'1

Ibs

psi

Ibs

g/cu cm

mils

g/IO min.

7,

Ibs/ It

Ibs/ It
cm/sec

Frequency

Per Batch

1 per batch

4 pei roll

1 per batch

1 per hatch

1 / 40.000 It'
1 / 40.000 Ir

1 per shil't

URS 3 of 4
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Material Type

Geosynthetic Clay Liner
Unreinforced

Reinforced

Property

Bentonite Swell Index

Bentonite I ;luid Loss

Bcntonite Mass/Area

GCL (irah Strength

GC'L Peel Strength

GCL Index Flux

GCL Permeabili ty

GCL Hydrated Internal Shear
Strength

Bentonite Swell Index

Bentonite Fluid Loss

Bentonite Mass/Area

GCL Grab Strength

GCL Peel Strength

GCL Index Flux

GCL Permeability

GCL Hydrated Internal Shear
Strength

Pest Method

ASTM D 5890

ASTM D 5890

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D5084

ASTM D 5321

ASTM D 5890

ASTM D 5890

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D5084

ASTM D 5 321

Requirements
Value

24

18

0.75

75

N/A

I x l 0 s

5x10''

50

24

18

0.75

90

15

1x10"

5x10'"

500

Units

ml./2g min .

ml, max.

Ib/tr

Ibs

N/A

m /irT/sec

cm/s

psf

mL/2g min.

mL max.

Ih/ft2

Ibs

Ibs

mVirT/sec

cm/s

psf

Krequeiu-y

1 per 50 tonnes

1 per 50 tonnes

40.000 tr

200.000 lr

N/A

Weekly

Weekly

Periodic

1 per 50 tonnes

1 per 50 tonnes

40,000 tr

200,(X)0 lr

40,000 It-

Weekly

Weekly

I'ei ioilic

URS 4 of 4
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EXHIBITS



EXHIBIT 1-1

RESOLUTION MEETING AGENDA

SAUGET AREA 1
SOLUTIA INC.

CAHOKIA, ILLINOIS

1. Introductions

A. Assign Minute Taker

B. Identify Parties

1. Construction Manager

2. Designer

3. Geosynthetic Quality Assurance Consultant
4. Solutia representative
5. Others

2. Distribution of Documents

A. Design and Construction Drawings
B. Specifications
C. Construction Quality Assurance (CQA) Manuals
D. Permit Documents

3. Review Construction Plans and Specifications

4. Review Geosynthetic CQA Manual

5. Tour Project Site

6. Contract Administration and Construction Issues

7. Define Lines of Communication

8. Project Deliverables

9. Schedule

Revision 1 04/02/01
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EXHIBIT 1-2

PRE-CONSTRUCTION MEETING AGENDA

SAUGET AREA 1
SOLUTIA INC.

CAHOKIA, ILLINOIS

1. Introductions

A. Assign Minute Taker

B. Identify Parties
1. Construction Manager
2. Construction Contractor

3. Geosynthetic Construction Quality Assurance Consultant
4. Installer
5. Designer

6. Solutia Representative

2. Distribution of Documents

A. Construction Plans and Specifications
B. Geosynthetic Panel Layout
C. Geosynthetic Construction Quality Assurance Manual

3. Lines of Communication

A. Reporting Methods

B. Progress Meetings

C. Procedures for Approving Design Clarifications and Changes During Construction

4. Tour Project Site

5. Site Requirements

A. Safety Rules

B. Site Rules
C. Work Schedule
D. Storage of Materials

E. Available Facilities

Revision 1 04/02/01
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EXHIBIT 1-2

PRE-CONSTRUCTION MEETING AGENDA

SAUGET AREA 1
SOLUTIA INC.

CAHOKIA, ILLINOIS
(Continued)

6. Construction Issues
A. Scope of Work

B. Review Plans and Specifications
1. Design and Construction Requirements
2. Geosynthetic Panel Layout

C. Review Construction Procedures
1. Proposed Construction Sequencing
2. Equipment

D. Review Construction Schedule

E. Review Procedures for Preparing and Approving Change Orders

7. Discuss Construction Quality Assurance Plan
A. Soils
B. Geosynthetics
C. Structural Systems (e.g., risers, piping, etc.)

8. Project Deliverables
A. Responsibilities

1. Construction Manager

2. Designer
3. Installer

4. Geosynthetic Construction Quality Assurance Consultant

B. Distribution of Deliverables

C. Approval Procedures

Revision 1 04/02/01
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EXHIBIT 2-1

FINAL CONSTRUCTION QUALITY ASSURANCE CERTIFICATION REPORT
GENERAL OUTLINE

SAUGET AREA 1
SOLUTIA INC.

CAHOKIA, ILLINOIS

1. Introduction

• Purpose

• Scope

• Unit Description

2. Project Specifications

• Scope

• Design Changes

3. Quality Assurance Plan

• Scope

• Project-Specific Addenda
4. Quality Assurance Work Performed

• Weather Constraints

• Conformance Testing

• Visual Monitoring

• Nondestructive Testing

• Destructive Testing

• Repairs
5. Summary and Conclusions
6. Project Certification
7. Appendices

• Geosynthetic and/or Soils QAC Personnel

• Contractor Personnel

• Quality Assurance Plan (QAP) and Specification Modifications

• Desian Change Forms

Revision 1 04/02/01
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EXHIBIT 2-1

FINAL CONSTRUCTION QUALITY ASSURANCE CERTIFICATION REPORT
GENERAL OUTLINE

SAUGET AREA 1
SOLUTIA INC.

CAHOKIA, ILLINOIS
(Continued)

Earthwork Testing Records (if required)

Conformance Testing Records

Manufacturer Quality Control Records

Quality Assurance Reports

Subgrade Acceptance Certificates Panel Placement Records

Destructive Seam Testing Records Destructive Seam Testing Records Repairs

As-Built Drawings

Revision 1 04/02/01
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APPENDIX A

EXAMPLES OF GEOSYNTHETIC QUALITY
ASSURANCE DOCUMENTATION



PANEL PLACEMENT FORM

PROJECT: QUALITY ASSURANCE
MONITOR:

MATERIAL DESCRIPTION:

DATE/
TIME

PANEL
NUMBER

ROLL
NUMBER

PANEL
LENGTH

PANEL
WIDTH

PANEL LOCATION PANEL CONDITION-
VISUAL INSPECTION

COMMENTS

Revis ion I 04/02/01



TRIAL WELD INFORMATION

PROJECT: QUALITY ASSURANCE MONITOR: MATERIAL DESCRIPTION:

Dale/
Time

Weather/
Winds

Ambient
Temp.

Seamer
Initials

Machine
Number

EXTRUSION WELDS
Barrel
Temp.

Set/PYRO

Preheat
Temp.

Set/PYRO

FUSION WELDS
Wedge
Temp.

Set/PYRO

Measured
Speed

(ft/min)

Wheel
Tension
Setting

Peel
Values

(Ibs/inch) Pass/Fail Comments

Revision I 04/02/01



PANEL SEAMING CHECKLIST

»UOJECT: QUALITY ASSURANCE MONITOR: MATERIAL DESCRIPTION:

DATE/
TIME

WEATHER/
WINDS

AMBIENT
TEMP.

SEAMER
INITIALS

MACHINE
NUMBER

SEAM
TYPE

SEAM
NUMBER

PANEL
NUMBERS

SEAM
LENGTH

TEMP.
SETTING

MACHINE
SPEED

COMMENTS

Revision I 04/02/01



NON-DESTRUCTIVE SEAM TEST LOG

PROJECT: QUALITY ASSURANCE
MONITOR:

MATERIAL DESCRIPTION:

DATK/
TIME

SHAM
NUMBER

TESTER
INITIALS

AIR TESTING
PRESSURE (PSI)

START KNI) DROP
TIME

START END

PASS/
FAIL

VACCUM BOX
PASS/FAIL

COMMENTS

Revision 1 04/02/01



DESTRUCTIVE SEAM TEST LOG

PROJECT: QUALITY ASSURANCE
MONITOR:

MATERIAL DESCRIPTION:

DATE/
TIME

SAMPLE
I.D.

SEAM
NUMBER

TENS
NUMBER

OPERATOR
INTIALS

FIELD TENSIOMETER
PEEL VALUES (LBS/INCH)

PASS/
FAIL

DATE TO LAB
PKG. SLIP NO.

LAB PASS/
FAIL

COMMENTS

Revision 1 04/02/01



CERTIFICATE OF COMPLETION

TYPE: PARTIAL___ SUBSTANTIAL___ FINAL_

PROJECT NAME:
SITE NAME: __
DATE: _______

DESCRIPTION OF WORK CERTIFIED:

I HEREBY CERTIFY THAT THE ABOVE IDENTIFIED WORK HAS BEEN
INSPECTED AND THAT IT HAS BEEN PROPERLY INSTALLED. I FURTHER
CERTIFY THAT ALL REQUIRED TESTING HAS BEEN COMPLETED AND THE
RESULTS HAVE BEEN DEEMED ACCEPTABLE BY THE GEOSYNTHETIC QAE.
THE WORK IS SUITABLE FOR ITS INTENDED USE.

GEOSYNTHETIC QAE

SIGNATURE: ____________________________ DATE: ______

NAME (PRINT): _______________________________________

TITLE: _______ __________________________ ___

REPRESENTING:

INSTALLER'S REPRESENTATIVE

SIGNATURE: ____________________________ DATE:

NAME (PRINT): _______________________________

TITLE: _____________________________________

REPRESENTING: _____________

SOLUTIA REPRESENTATIVE

SIGNATURE: ____________________________ DATE:

NAME (PRINT): _______________________________

TITLE: _____________________________________

REPRESENTING: _____________________________
Revision 1 04/02/01 s-cioo,^^.,,, o^,,,.,,,^,,, „„..„,«,..



CERTIFICATE OF COMPLETION

OF SOIL SUBGRADE SURFACE

DATE:

PROJECT NAME: __________________________________

SITE NAME: ______________________________________

LOCATION OF SUBGRADE SURFACE TO BE LINED: ___________

I HEREBY CERTIFY THAT THE ABOVE AREA IS SUITABLE FOR THE
INSTALLATION OF GEOSYNTHETICS, AND THAT I SHALL BE RESPONSIBLE
FOR ITS INTEGRITY AND SUITABILITY IN ACCORDANCE WITH THE
SPECIFICATIONS FROM THIS DATE TO COMPLETION OF THE INSTALLATION.

INSTALLER'S REPRESENTATIVE

NAME (PRINT): __________________________ DATE:

TITLE: ____________________________________

REPRESENTING:

SIGNATURE:

ACKNOWLEDGED BY:

GEOSYNTHETIC QUALITY ASSURANCE CONSULTANT

NAME (PRINT): __________________________ DATE: ___

TITLE: _____________

REPRESENTING:

SIGNATURE:

Revision 1 04/02/01



APPENDIX G

CONSTRUCTION QUALITY ASSURANCE MANUAL FOR
INSTALLATION OF SOIL COMPONENTS OF THE LINING

AND FINAL COVER SYSTEMS FOR THE
SAUGET AREA 1 TSCA LANDFILL



S O L U T I A

CONSTRUCTION QUALITY
ASSURANCE MANUAL FOR
INSTALLATION OF SOIL
COMPONENTS OF THE LINING AND
FINAL COVER SYSTEMS FOR THE
SAUGET AREA 1 LANDFILL
CAHOKIA, ILLINOIS

Prepared for:

Solutia Inc.
575 Maryville Centre Drive
St. Louis, MO 63141

Prepared by:

URS
7650 West Courtney Campbell Causeway
Tampa, Florida 33607-1462
C100004051.00

April 2, 2001 Revision 1
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SECTION ONE______________________INTRODUCTION
This manual describes Construction Quality Assurance (CQA) procedures for the installation of
the soil components of lining and final cover systems during construction of the Sauget Area 1
TSCA Landfill located in Cahokia, Illinois. This manual addresses only the soil components of
the liner and cover systems. CQA guidelines for geosynthetic materials are covered in Solutia's
Construction Quality Assurance Manual for Installation of Geosynthetic Components.

All parties listed in Section 2.1, as they become involved in this project, will be issued a copy of
this Construction Quality Assurance Manual (CQA Manual) from the Owner or Construction
Manager. They will also be given other quality assurance documents specifically prepared for
the project, as appropriate.

This manual is to be the basis of the overall CQA program for soil components of lining and
final cover systems. Site-specific addenda will be prepared as appropriate by the Construction
Manager or his designee.

The overall goals of this CQA program are to ensure that proper construction techniques and
procedures are used and to verify that the materials and installation techniques used meet project
specifications. The main emphasis of the CQA Manual is careful documentation during the
entire quality assurance process, from the selection of materials through the installation of final
cover. In addition, the program will 1) identify and define problems that may occur during
construction, and 2) ensure that these problems are corrected before the construction is complete.
At completion of the work, the program will culminate in a certification report which documents
that the earthwork has been constructed in accordance with the project plans and specifications.
This certification is the responsibility of the Construction Quality Assurance Consultant (CQA
Consultant).

Revision 1 04/02/01
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

2.1 DEFINITIONS

This manual has been developed for the application of construction quality assurance and quality
control procedures to the soil components of liner and final cover systems. CQA and quality
control are defined as follows:

Construction Quality Assurance (CQA) - a planned and systematic application of all
means and actions designed to provide adequate confidence that items or services meet
design and specifications requirements and will perform satisfactorily in service. In the
context of this project. CQA refers to means and actions employed by the Construction
Manager and the CQA Consultant to ensure conformity of the soil components of the
l ining and final cover systems in accordance with the requirements of the Plans.
Specifications and the guidelines set forth in this CQA Manual.

Quality Control - those actions which provide a means to measure and regulate the
characteristics of an item or service to design and specifications requirements. In the
context of this project, quality control refers to those actions taken by the Earthwork
Contractor to ensure that the product and the workmanship meet the requirements of the
Plans and Specifications.

Project Plans and Specifications - includes all Specifications and engineering drawings
developed for this project and any modifications thereto.

Site Specific Addenda - those documents and/or modifications to the CQA manual(s) that
are developed to address specific design requirements for a given project.

2.2 PROJECT ORGANIZATION

Solutia has the overall responsibility for ensuring that all construction activities fulf i l l the
objectives of the project. Solutia will retain an independent construction manager to coordinate
all activities for construction of the TSCA Landfill. Solutia will also retain an independent firm
to provide CQA services for this project. Figure 1-1 presents an organization chart for the
project.

Key personnel and their authority and responsibilities with respect to the quality assurance
functions for this project are as follows:

2.2.1 Solutia Leadership Team

The Solutia Leadership Team will represent Solutia (the Owner) and has overall responsibility
for the conduct of project activities. The team will ensure that corporate standards are applied
during the project and will have the overall responsibility to ensure the project meets all
established QA/QC goals. The Leadership Team will provide the lead for contact with all
regulatory agencies. They are also the primary point of contact between Solutia and all
supporting team members. The team is responsible for coordination of project activit ies between

Revision 1 04/02/01
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

the Designer and the Construction Manager. The Solatia Leadership Team w i l l perform its
duties under the direction of Bruce Yare and Mike Light.

2.2.2 Construction Manager

Acting under the authority delegated to him by Solutia, the Construction Manager is the on-site
representative and wil l implement the overall project plans through day-to-day direction of field
activities. A construction management firm will be selected to perform these services.

2.2.3 Designer

The Designer is the individual and/or firm responsible for the preparation of the design,
including Plans and project-specific Specifications for the soil components of the lining and final
cover systems. The Designer for the TSCA Landfill is URS Corporation Southern (URS).

2.2.4 Construction Quality Assurance Consultant

The CQA Consultant is a firm independent from the Construction Manager and Earthwork
Contractor that shall be responsible for observing and documenting activities related to the
quality assurance of the production and installation of the soil lining components on behalf of
Solutia.

2.2.5 Construction Quality Assurance Laboratory

The Construction Quality Assurance Laboratory (CQA Laboratory) is a firm, independent from
the Construction Manager and Earthwork Contractor, responsible for conducting tests on
samples of soil components taken from the site. A laboratory will be selected to perform
geotechnical and soil testing for the project.

2.2.6 Earthwork Contractor(s)

Selected Contractors will be responsible for performing the work outlined in the Construction
Plans and Specifications. This work shall include:

• Site mobilization and demobilization

• Site Preparation

• Construction of the soil components of the TSCA Landfill Liner System

• Construction of the soil components of the TSCA Landfill Final Cover System

2.3 PROJECT TEAM RESPONSIBILITIES AND QUALIFICATIONS

The parties discussed in this section are associated with the ownership, design, construction,
installation, and quality assurance of the soil components of the lining and final cover systems.
The qualifications and responsibilities of these parties are outlined in the following subsections.
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

2.3.1 Construction Manager

2.3.1.1 Responsibilities

The Construction Manager is responsible for all construction quality. The Construction Manager
is responsible for the organization and implementation of the quality assurance activities for the
proiect. The Construction Manager shall serve as communications coordinator for the project,
in i t i a t ing all construction meetings. As communications coordinator, the Construction Manager
shall serve as a liaison between all parties involved in the project to insure that communications
are maintained.

The principal responsibilities of the Construction Manager are:

• Establish effective communications with the Solutia Leadership Team, Contractor field
representatives, and other project team personnel through correspondence, meetings, and
discussions, as required, to maintain close working relationships.

• Execute the project work plans and implement procedures through overall planning and
day-to-day direction of field activities.

• Ensure that QA/QC procedures are implemented throughout execution of the work.

• Review Contractor progress reports and payments.

• Issue weekly field activity reports.

• Maintain on-site documentation consisting of procedures, rules and regulations,
drawings, survey information, correspondence, meetings, etc.

• Manage and assist other field personnel in overseeing Contractors.

The Construction Manger shall also be responsible for proper resolution of all quality assurance
issues that arise during construction.

2.3.1.2 Qualifications

The selection of the Construction Manager is the direct responsibility of Solutia. Qualifications
for this position include but are not limited to familiarity with the following:

1. Applicable construction methods and procedures.
2. General soil components of the lining and final cover system.
3. All applicable regulatory requirements.
4. Company policies and procedures for project management.
5. Quality assurance requirements.
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

2.3.2 Designer

2.3.2.1 Responsibilities

The Designer is responsible for performing the engineering design and preparing the associated
Plans and Specifications for the soil components of the lining and final cover systems. The
Designer is responsible for approving all design and specification changes and making design
clarifications necessitated during construction of the soil components of the lining and final
cover systems.

2.3.2.2 Qualifications

The Designer shall be a qualified engineer, certified or licensed as required by regulation. The
Designer shall be familiar with soil and earth materials, geotechnical design procedures and
applicable regulatory requirements.

2.3.2.3 Submittals

The Designer shall submit the project design Plans and Specifications to the Solutia Leadership
Team and Construction Manager.

2.3.3 Earthwork Contractor

2.3.3.1 Responsibilities

The Earthwork Contractor is responsible for execution of the requirements of the Plans and
Specifications for construction of the lining and final cover systems for the TSCA Landfill.

2.3.3.2 Qualifications

The Earthwork Contractor shall provide the following information to the Construction Manager:

• A demonstration of bonding capability and a list of outstanding contracts.

• A list of comparable projects for which the following information shall be provided for
each project:

Name of the facility, its location, and date of installation.
Name of project manager or contact person for the installation.
Description and purpose of installation and definition of contractor's scope of work.

• A list of readily available equipment required to perform the work, at a minimum
generally consisting of scrapers, graders, scarifiers, compactors, disking equipment, water
trucks, and admixing equipment as appropriate.
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

2.3.4 Construction Quality Assurance Consultant

2.3.4.1 Responsibilities

The CQA Consultant is responsible for observing and documenting activities related to the
qual i ty assurance of the production and installation of the soil components of the lining system.
The CQA Consultant is responsible for implementation of the project Quality Assurance Manual
and management of the CQA Laboratory. The CQA Consultant is also responsible for issuing a
final certification report sealed by a registered professional engineer.

The specific duties of the CQA Consultant are as follows:

a. Review all design drawings and specifications.
b. Review other site-specific documentation, including proposed layouts, and

manufacturer's and installer's literature.
c. Review all changes to design drawings and specifications as issued by the Designer,
d. Attends all quality assurance related meetings, e.g., pre-construction, daily, weekly,
e. Manages the preparation of the as-built drawing(s).
f. Reports to the Construction Manager, and logs in the daily report, any relevant

observations.
g. Prepares the weekly summary of soil quality assurance activities.
h. Oversees the marking, packaging and shipping of all laboratory test samples.
i. Reviews the results of laboratory testing and makes appropriate recommendations.
j. Reports any unapproved deviations from the Plans and Specifications to the

Construction Manager.
k. Prepares the final certification report.

2.3.4.2 Qualifications

The CQA Consultant shall be experienced in quality assurance of soil components of the lining
and final cover system. The CQA Consultant shall be experienced in the preparation of quality
assurance documentation including: quality assurance forms, reports, certifications, and
manuals.

2.3.5 Construction Quality Assurance Laboratory

2.3.5.1 Responsibilities

The CQA Laboratory shall be responsible for conducting the appropriate laboratory tests as
directed by the Construction Manager or his designee. The test procedures shall be done in
accordance with the test methods outlined in this CQA Manual and/or the project specifications.
The CQA Laboratory shall be responsible for providing test results. The selected laboratory will
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SECTION TWO_____DEFINITION OF OPERATIONS AND RESPONSIBILITIES

also have responsibility for all bench level QA/QC. data reduction, reporting, and performance
monitoring.

2.3.5.2 Qualifications

The CQA Laboratory shall have experience in testing soils in accordance with Amencan Society
for Testing and Materials (ASTM) or other applicable test standards.
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SECTION THREE___________________MEETINGS
3.1 PRE-CONSTRUCTION MEETING

A pre-construct!on meeting shall be held at the site. At a minimum, the meeting shall be
attended by the Earthwork Contractor, the Designer, the CQA Consultant, the Solutia Leadership
Team and the Construction Manager. The purpose of the pre-construction meeting is to:

• Provide all parties with any relevant documents.

• Review the Plans and Specifications provided by the Designer.

• Review the responsibilities of each party.

• Review lines of authority and communication.

• Review procedures for documentation and reporting of information.

• Discuss any appropriate modification of the CQA Plan (i.e., ensure that site-specific
considerations are added, and review any special permit conditions or state/federal
requirements that may need to be included).

• Review distribution and storage of documents and reports.

• Review of the Earthwork Contractor's quality control procedures.

• Establish protocol for testing.

• Establish protocol for handling construction deficiencies, and repairs and retesting.

• Conduct a site walk-around to discuss work plans and inspect material handling, borrow,
and stockpiling locations, as well as areas that may be required for temporary storage or
use.

• Review a time schedule for all operations.

• Review work area security and safety protocol.

• Discuss and establish procedures for material processing (moisture condition, soil
blending, etc.).

• Discuss and establish procedures for care and control of water, protection from wind,
drying, dust control, and general liner protection and housekeeping.

• Review health and safety requirements applicable to all parties.

• Develop site-specific addenda to the CQA Manual for the proposed project.

The meeting shall be documented by the Construction Manager or a person designated at the
beginning of the meeting, and minutes shall be transmitted to all parties prior to the start of
construction.

3.2 PROGRESS MEETINGS

A progress meeting shall be held at least weekly at the work area. Progress meetings shall be
conducted at other times during the project as appropriate or necessary as determined by the
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SECTION THREE___________________MEETINGS
Construction Manager. At a minimum, the meeting shall be attended by the Earthwork
Contractor, the CQA Consultant and the Construction Manager. The purpose of the meeting is
to:

• Review the previous week's activities and accomplishments.

• Review the work activity and location for the week.

• Discuss the earthwork contractor's personnel and equipment assignments.

• Review the work schedule.

• Discuss possible problems.

• Review any new test data.

The meeting shall be documented by the Construction Manager.

3.3 PROBLEM OR WORK DEFICIENCY MEETING

A special meeting shall be held when and if a problem or deficiency is present or likely to occur.
At a minimum, the meeting shall be attended by the Earthwork Contractor, the Construction
Manager, and the CQA Consultant. If the problem requires a design modification, the Designer
should also be present. The purpose of the meeting is to define and resolve the problem or work
deficiency as follows:

• Define and discuss the problem or deficiency.

• Review alternative solutions.

• Implement an action plan to resolve the problem or deficiency.

The meeting shall be documented by the Construction Manager.
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

4.1 GENERAL

Construction of the soil components for the l ining and final cover system as well as other
specified earthwork must be in strict accordance with the project Plans and Specifications.
Compliance is confirmed by checking that: 1) the earthen backfill materials will exhibit the
required characteristics, and 2) the placement techniques used by the Earthwork Contractor will
be adequate.

CQA related activities for construction of the soil components of the lining and final cover
system w i l l include observation, independent testing and documentation of the following:

• Pre-construction Testing for Material Evaluation

• Construction Testing

• Post-construction Testing

4.2 MATERIAL EVALUATION

4.2.1 General

The types of soils used in lining systems include compacted fill, tracked-in-place fill, drainage
material, protective fill and vegetative cover soil. Prior to construction, sources for each of these
materials shall be identified, and samples of each material from each source shall be tested to
determine whether they meet project specifications.

This manual focuses on material tests conducted during the construction phase. These tests must
be performed to confirm that the procured material meets project specifications before it is
accepted for construction. Further material testing is necessary if alternative borrow material is
required during construction or if soils are processed on site (i.e.. when drainage materials are
washed to increase their permeability). All material evaluation tests are to be performed by the
CQA Laboratory or in a geotechnical laboratory approved for use by the Construction Manager.

4.2.2 Laboratory Soils Tests

Tests to confirm the adequacy of procured materials shall be performed as part of the Earthwork
Contractors QC activities on each material from each source area. All tests shall be documented,
and the material shall be accepted or rejected according to the results of these tests. Testing of
samples shall be performed in accordance with the requirements of the Plans and Specifications.
The CQA Consultant shall confirm the minimum number if required tests were performed and
that the test results appear valid. If the results appear questionable he shall direct the Earthwork
Contractor to perform additional testing. Independent testing will be performed as deemed
appropriate by the CQA Consultant or as otherwise directed by the Construction Manager.
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

4.2.3 Soils Selection Criteria

All soil material used during construction shall meet the minimum cntena in the project
specifications, unless otherwise directed by the Construction Manager. Table 1 includes the
testing frequencies required by the Specifications.

4.2.3.1 Compacted Fill

Compacted Fill shall consist of random granular or cohesive material obtained from approved
boiTow areas. Compacted Fill may be used for construction of the following soil components:

• Subgrade

• Perimeter Berms

Compacted Fill may also be used to adjust or modify the slope of subgrade soils. Compacted Fill
shall meet the minimum requirements given in the Plans and Specifications. Compacted Fill
shall consist of the following soil types:

• Silty to Clayey Sands

• Silty Sands

• Clayey Silts to Silty Clays

• Silty Sandy Clays

• Combinations of the above

The Earthwork Contractor shall furnish representative samples of the Compacted Fill to the CQA
Consultant and Construction Manager for each material source he may use. In addition the
results of the following tests shall be provided to the CQA Consultant and Construction Manager
for approval prior to procurement, importing or stockpiling the materials:

• Moisture Content ASTMD2216

• Atterburg Limits ASTMD4318

• Particle Size ASTM D 1140

• Moisture Density Relationship ASTM D 698

4.2.3.2 Tracked-in Place Fill

Tracked-in Place Fill shall consist of poorly graded granular or cohesive fill obtained from
approved borrow areas. Tracked-in Place Fill will be used in conjunction with construction of
the liner and cover systems. Tracked-in Place Fill shall meet the minimum requirements of the
Plans and Specifications. Tracked-in Fill shall consist of the following soil types:
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

• Si l ty to Clayey Sands

• Clayey Silts or Silty Clays

• Sandy Clays

• Combinations of the above

The Earthwork Contractor shall furnish representative samples of the Tracked-in Fill to the CQA
Consultant and Construction Manager for each material source he may use. In addition the
results of the following tests shall be provided to the CQA Consultant and Construction Manager
for approval prior to procurement, importing or stockpiling the materials:

• Moisture Content ASTM D 2216

• Atterburg Limits ASTM D 4318

• Particle Size ASTM D 1140

• Moisture Density Relationship ASTM D 698

4.2.3.3 Drainage Material

Drainage Material shall consist of granular soils obtained from approved on-site or off-site
borrow areas. Drainage Material will be used for construction of the following soil components:

• Primary and Secondary Collection System Layer

• Primary and Secondary Collection Sump Gravel

• Gravel Drains for Primary Collection Layer

• Capillary Break Layer

Drainage Material shall meet the minimum requirements given in the Plans and Specifications.
Drainage Material shall consist of the following soil types:

• Sandy Gravel to Sandy Silty Gravel

• Well Graded to Poorly Graded Gravels

• Silty Sands

• Well Graded to Poorly Graded Sands

The Earthwork Contractor shall furnish representative samples of the Drainage Material to the
CQA Consultant and Construction Manager for each material source he may use. In addition the
results of the following tests shall be provided to the CQA Consultant and Construction Manager
for approval prior to procurement, importing or stockpiling the materials:
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

• Moisture Content ASTMD2216

• Particle Size ASTM D 422

• Permeability ASTM D 2434

4.2.3.4 Protective Fill

Protective Fill shall consist of granular or fine-grained cohesive material obtained from approved
borrow areas, or other sources as approved by the Construction Manager. Protective Fill wil l be
used to construct the protective soil layer placed directly on the Primary Collection System.
Protective Fill shall meet the minimum requirements of the Plans and Specifications. Protective
Fill shall consist of the following soil types:

• Sil ty to Clayey Sands

• Poor to Well Graded Sands

• Sandy to Silty Clays

• Sediments

• Combinations of the above

If the Protective Fill consists of unaffected soils, the Earthwork Contractor shall furnish
representative samples of the Protective Fill to the CQA Consultant and Construction Manager
for each material source proposed. In addition, the results of the following tests shall be
provided by the Earthwork Contractor to the CQA Consultant and Construction Manager for
approval prior to procurement importing or stockpiling the materials:

• Moisture Content ASTM D 2216
• Particle Size ASTM D 422 or D 1140
• Moisture Density ASTM D 698

Protective Fill shall be free of rocks, gravel, sticks, roots or unsuitable materials.

4.2.3.5 Vegetated Cover Fill

Vegetated Cover Fill shall consist of granular material obtained from'approved on-site or off-site
borrow areas. Vegetated Cover Fill will be used for construction of the final cover layer (i.e.
Vegetated Cover and Drainage Layer). Vegetated Cover Fill shall meet the minimum
requirements given in the Plans and Specifications. Vegetated Cover Fill shall consist of the
following soil types:

• Silty Sands

• Clayey Sands

• Silty to Clayey Sands
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

• Topsoil

• Combinations of the above

The Earthwork Contractor shall provide the CQA Consultant and Construction Manager with
representative samples of Vegetated Cover Fill for each material source he may use. In addition
the results of the following tests shall be provided to the CQA Consultant and Construction
Manager for approval prior to procurement, importing or stockpiling the materials:

• Moisture Content ASTM D 2216

• Atterberg Limits ASTM D 4318

• Particle Size ASTM D 422 (for granular soils)

• Particle Size ASTM D 1140 (for granular soils)

• Moisture Density ASTM D 698

• Permeability ASTM D 2434 or ASTM D 5084

4.2.4 Earth Fill Material Management

As the material is excavated from an approved borrow facility, the CQA Consultant shall
confirm that the soils meet the requirements of the Specifications. The CQA Consultant will use
his/her experience with visual/manual soil classification techniques to assess the segregation of
soils. The CQA Consultant will note in his/her field records changes in odor, texture, apparent
moisture, and the depths of which they occur. The CQA Consultant shall confirm that adequate
processing, as described in the Specifications, is performed for removal of roots, rocks, rubbish
or unsuitable materials, and achieve the specified soil clod size. Off-site borrow will be sampled
and analyzed for TCL/TAL constituents at a rate of one sample every 5.000 cubic yards. Results
will be compared to TACO Tier I criteria for commercial/industrial area soils. Soil with
concentrations higher than these levels will not be accepted for use in containment cell
construction.

Materials from the excavation will be stockpiled in areas approved by the Construction Manager
and protected. If excavated soils exhibit distinct characteristic changes with depth, the CQA
Consultant should verify that stockpiles be segregated by depth, and the depth range of the
stockpiles be recorded and posted. Each stockpile shall be identified, and the CQA Consultant
should prepare a field drawing of stockpile locations.

4.3 CONSTRUCTION QUALITY EVALUATION

Construction quality evaluation shall be performed on all components of the construction.
Criteria to be used for determination of acceptability of the construction work shall be as
identified in the Specifications. Tables 2 and 3 present the testing frequencies required in the
Specifications.
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

4.3.1 Subgrade Evaluation

During construction, the suhgrade soil shall be evaluated in accordance with the Specifications to
confirm that its characteristics are equivalent to those utilized in the design of the lining systems.
Subgrade damage due to excess moisture (causing softening) or insufficient moisture (causing
desiccation and shrinkage), shall be identified and repaired.

At a minimum, the CQA Consultant shall determine the suitability of the subgrade for placement
of the Remolded and Compacted Soils by continuous visual inspection during proof rolling.

Final subgrade elevations shall be measured and recorded by the Earthwork Contractor. The
CQA Consultant shall confirm that all subgrade elevations are in accordance with the Plans and
Specifications. The CQA Consultant shall notify the Construction Manager and Earthwork
Contractor of deficiencies in subgrade elevation or characteristics.

4.3.2 Fill Placement

The Earthwork Contractor will be responsible for implementing a Construction Quality Control
program (CQC) to ensure that all earthwork is performed in accordance with the Plans and
Specifications. The CQA Consultant will oversee the Earthwork Contractor s CQC plan and will
document and observe the construction activity. The responsibilities of the CQA Consultant
include the following:

• Document that roots, rocks, rubbish or off-spec materials;

• Evaluation of soil materials to be used for clay liner and cover, sand and gravel drainage
layers, and general fill;

• Observation of compaction performance of Earthwork Contractor's equipment and
techniques;

• Documentation of excavation and segregation of soils suitable for use;

• Evaluation of stockpiling activities and stockpile fill suitable for use;

• Evaluation of subgrade slopes and bottom for proper grade and soil condition;

• Observation Inspection of drainage layer installation; and

• Evaluation of lift thickness and compaction.

4.3.3 Evaluation of Layer Bonding

Evaluation of layer bonding will be determined by collecting one Shelby tube sample for every
10.000 square feet of compacted bottom soil. Shelby tubes will only be pushed eight inches in
order to protect the underlying liner system. Sample holes will be filled with bentonite.

The CQA Consultant shall confirm that layer bonding between compacted lifts is adequate and
that discontinuities do not appear to exist. This will be accomplished by cutting the Shelby tube
sample in half longitudinally and visually examining the sample. The CQA Consultant shall
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

notify the Construction Manager of any layer bonding deemed to be deficient and shall confirm
that repairs are performed by the Earthwork Contractor.

4.3.4 Construction Quality Control Testing

Laboratory and field tests shall be performed by the Earthwork Contractor in accordance with the
requirement of the Plans and Specifications.

The CQA Consultant shall observe the CQC testing and review all test results from both
laboratory and field-testing. He shall confirm that the minimum testing is performed in
accordance with the Specifications. He shall confirm that the CQC testing results adequately
indicates that earthwork construction meets or exceeds design requirements in accordance with
the Plans and Specifications.

Questions concerning the accuracy of any single test shall be addressed by retesting in the same
or adjoining locations. Periodic checks using the drive cylinder method shall be performed in
accordance with the Specifications to confirm the nuclear density results.
Additional testing shall be used at the discretion of CQA Consultant and/or the Construction
Manager when visual observations indicate a potential problem. Additional testing for suspect
areas shall be considered when:

• Compactor slippage during rolling operation;

• Lift thickness is greater than specified;

• Earthfill is at improper and/or variable moisture content;

• Less than specified number of compactor (roller) coverages are made;

• Din-clogged rollers are used to compact the material;

• Rollers may not have used optimum ballast;

• Fill materials differ substantially from those specified; and
• The degree of compaction is doubtful.

During construction, the frequency of testing may also be increased in the following situations:

• Adverse weather conditions;

• Breakdown of equipment;

• At the start and finish of grading;

• Materials fail to meet specifications; and

• The work area is reduced.

4.3.5 Perforations

All perforations must be backfilled. These shall include, but not be limited to, the following:
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• Density test locations
• Permeability sampling locations

• Shelhy tube locations

Unless otherwise noted in the Specifications, or as directed by the Construction Manager, all
perforations shall be backfilled with bentonite powder or soil equivalent to the soil used for
construction of the layer. The soil shall be broken into clod sizes smaller than the perforation
diameter and compacted in-place with a tamping rod, Modified or Standard Proctor hammer, or
hand tamper depending on the size of the perforation. The CQA Consultant shall confirm that all
perforations are properly repaired.

4.4 DEFICIENCIES

4.4.1 Examination of the Deficiency

If a deficiency is discovered in the work, the CQA Consultant shall immediately determine the
extent and nature of the deficiency. If the deficiency is indicated by an unsatisfactory test result,
the CQA Consultant shall determine the extent of the deficient area by directing the Earthwork
Contractor to perform additional tests, observations, a review of records, or other appropriate
methods. If the deficiency is related to adverse site conditions, such as overly wet soils or surface
desiccation, the CQA Consultant shall define the limits and nature of the deficiency.

4.4.2 Notification

After determining the extent and nature of a deficiency, the CQA Consultant shall notify the
Construction Manager and Earthwork Contractor.

4.4.3 Repairs and Retesting

The Earthwork Contractor shall correct the deficiency to the satisfaction of the Construction
Manager. If a requirement cannot be met, or unusual weather conditions hinder work, then the
CQA Consultant, Construction Manager and Earthwork Contractor shall discuss alternate
solutions and a schedule for correction of the deficiency.

All retests performed by the Earthwork Contractor, as directed by the CQA Consultant, must
confirm that the deficiency has been corrected before any additional work is performed in the
area of the deficiency. The CQA Consultant shall also confirm that all installation requirements
are met and that all CQC submittals are provided.

4.5 ACCEPTANCE

The CQA Consultant shall recommend to the Construction Manager acceptance of the work
performed by the Earthwork Contractor. Acceptance of the completed work shall be in
accordance with the requirements of the Plans and Specifications. Acceptance of the soil
components of the lining and final cover systems will be based on observation, measurements
and laboratory test results.
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SECTION FOUR__________EARTH MATERIALS QUALITY ASSURANCE

The following methods shall be used by the CQA Consultant as the basis to judge the
acceptability of the construction of the soil components of the lining and final cover systems.

1. Evaluate the following for a given lift or section:

• Dry density;

• Moisture content;

• Lift thickness; and

• Clod size.
2. Compare measured results to Specification requirements and determine the variation.
3. If dry density is too low, adjust moisture content as necessary and recompact lift.
4. If moisture content is too dry:

• Adjust moisture content upward and recompact, or

• Run laboratory permeability on field-compacted sample.
5. If lift is too thick:

• Decrease thickness,

• Check dry density and moisture at bottom of lift, or

• Run laboratory permeability on field compacted sample.

6. If clod size is too large: inspect test pit(s) to determine integrity of lift and layer bonding.

If two or more items fail to comply, then the lift or section being assessed shall be deemed
unacceptable and shall be suitably broken up, moisture content adjusted, recompacted and
retested.
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SECTION FIVE_____________________DOCUMENTATION

An effective CQA Plan depends largely on recognition of all construction activities that should
be monitored, and on assigning responsibilities for the monitoring of each activity. This is most
effectively accomplished and verified by the documentation of quality assurance activities. The
CQA Consultant shall document that all quality assurance requirements have been addressed and
satisfied.

The CQA Consultant shall provide the Construction Manager with signed descriptive remarks,
data sheets, and checklists to verify that all monitoring activities have been earned out. The
Construction Manager shall also maintain at the job site a complete file of plans and
specifications, a CQA manual, checklists, test procedures, daily logs, and other pertinent
documents.

5.1 DAILY RECORDKEEPING

Standard reporting procedures will include preparation of a daily log which, at a minimum, shall
consist of: a) field notes: including memorandum of meetings and/or discussions with the
earthwork contractor, b) observation and testing data sheets, and c) construction problem and
solution data sheets. This information will be regularly submitted to and reviewed by the
Construction Manager.

5.1.1 Memorandum of Discussion With Earthwork Contractor or Subcontractors

A memorandum will be prepared each day as necessary, summarizing discussions between the
CQA Consultant and Earthwork Contractor. At a minimum, the memorandum will include the
following information:

• Date, project name, location, and other identification

• Names of parties to discussion

• Relevant subject matter or issues

• Activities planned

• Constraints or suggestions

• Schedule

• Signature of the CQA Consultant

5.1.2 Observation and Testing Data Sheets

Observation and testing data sheets will be prepared daily. At a minimum, these data sheets wil l
include the following information:

• An identifying sheet number for cross referencing and document control

• Date, project name, location, and other identification

• Data on weather conditions

Revision I 04/02/01
URS 5-1 ,,,...„..„,„,,„,„,„„_,„„,„,.,



SECTION FIVE_____________________DOCUMENTATION

• A reduced-scale site plan showing all proposed work areas and test locations

• Descriptions and locations of ongoing construction

• Equipment and personnel in each work area, including subcontractors

• Descriptions and specific locations of areas, or units, of work being tested and/or
observed and documented (identified by lift and location)

• Locations where tests and samples were taken

• A summary of test results
• Calibrations or recalibrations of test equipment, and actions taken as result of

recalibration

• Off-site materials received, including quality verification documentation

• Decisions made regarding acceptance of units of work, and/or corrective actions to be
taken in instances of substandard quality

• The CQA Consultant signature

5.2 CONSTRUCTION PROBLEM AND RESOLUTION DATA SHEETS

Sheets describing special construction situations shall be cross-referenced with specific
observation and testing data sheets, and must include the following information, where available:

• An identifying sheet number for cross-referencing and document control

• A detailed description of the situation or deficiency

• The location and probable cause of the situation or deficiency

• How and when the situation or deficiency was found or located

• Documentation of the response to the situation or deficiency

• Final results of any responses

• Any measures taken to prevent a similar situation from occurring in the future

• The signature of the CQA Consultant and signature indicating concurrence by the
Construction Manager

The Construction Manager shall be made aware of any significant recurring non-conformance
with the Specifications. The Construction Manager shall then determine their cause and
recommend appropriate changes in procedures or Specifications. When this type of evaluation is
made, the results must be documented, and any revision to procedures or Specifications shall be
approved by the Designer.

A summary of all supporting data sheets, along with final testing results and the CQA
Consultant's concurrence that the work is completed in accordance with the requirements of the

Revision 1 04/02/01
URS 5-2 ,.„....,..„,,,„,„,„,,,,.,,,,.,,.,



SECTION FIVE_____________________DOCUMENTATION
Plans and Specifications, shall be required upon completion of the repair, replacement or
resolution of the issue.

5.3 PHOTOGRAPHIC REPORTING DATA SHEETS

Photographic reporting data sheets, where used, shall be cross-referenced with observation and
testinc data sheet(s) and/or construction problem and solution data sheet(s).

These photographs will serve as a pictorial record of work progress, problems, and mitigation
activities. The basic file will contain color prints; negatives will also be stored in a separate file
in chronological order. These records shall be presented to the Construction Manager upon
completion of the project.

5.4 DESIGN AND/OR SPECIFICATIONS CHANGES

Design and/or specifications changes may be required during construction. In such cases, the
CQA Consultant shall notify the Construction Manager and Designer.

Design and/or specifications changes shall be made only with written agreement of the
Construction Manager and the Designer, and shall take the form of an addendum to the
Specifications.

5.5 PROGRESS REPORTS

The Construction Manager shall prepare a summary progress report each week, or at time
intervals established at the pre-construction meeting. As a minimum, this report shall include the
following information:

• A unique identifying sheet number for cross-referencing and document control

• The date, project name, location, and other information

• A summary of work activities during progress reporting period

• A summary of construction situations, deficiencies, and/or defects occurring dunng
progress reporting period

• A summary of test results, failures and retests

• The signature of the Construction Manager

5.6 CERTIFICATION AND SUMMARY REPORT

At the completion of the work, the CQA Consultant shall submit to the Construction Manager a
final certification and summary report. This report shall certify that the work has been
performed in compliance with the Plans and Specifications.

At a minimum, this report shall include: a) summaries of all construction activities, b)
observation and testing data sheets including sample location plans, c) construction problems and
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SECTION FIVE_____________________DOCUMENTATION

resolutions data sheets, d) changes in design and material specifications, e) as-built drawings,
and f) certification statement sealed and signed by a registered Professional Engineer. The as-
built drawings shall include scale drawings depicting the location of the construction and details
pertaining to the extent of construction (depths, plan dimensions, elevations, soil component
thicknesses, etc.). All surveying and base maps required for development of the as-built
drawings shall be done by a qualified land surveyor.

5.7 STORAGE OF RECORDS

All handwritten data sheet originals, especially those containing signatures, should be stored by
the Construction Manager in a safe repository on site. Other reports may be stored by any
standard method which will allow for easy access.
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TABLE 1

PRE-CONSTRUCTION TESTING FREQUENCY FOR MATERIALS EVALUATION
OF SOIL COMPONENTS OF LINING AND FINAL COVER SYSTEMS

SAUGET AREA 1 TSCA LANDFILL
SOLUTIA INC.

CAHOKIA, ILLINOIS

Test Type
and

ASTM Description

Moisture Content
(D2216)

Atterberg Limits
(D4318)

Particle Si/e
(Clays -Dl 140)
(Sands, Gravel - D422)

Moisture Density
(D698)

Permeability
(Clays - D5084)
(Sands, Gravel - D2434)

Compacted
Fill

(cu yd)

2 per source *

2 pei" source *

2 per source *

2 per source *

Tracked-in
Place Fill

(cu yd)

1 per source *

1 per source *

1 per source *

1 per source *

Drainage Material
Sand

(cu yd)

1 per source *

1 per source *

1 per source *

Drainage Material
Gravel
(cu yd)

1 per source *

1 per source *

1 per source *

Protective
Fill

(cu yd)

1 per source
*

1 per source
*

1 per source
*

1 per source
*

Vegetative
Cover
(cu yd)

2 per source
*

2 per source
*

2 per source
*

2 per source
#

2 per source
:|:

= And for each change in material
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TABU: 2
CONSTRUCTION TESTING FREQUENCY

OF SOIL COMPONENTS OF LINING AND FINAL COVER SYSTEMS
SAUGET AREA 1 TSCA LANDFILL

SOLUTIA INC.
CAHOKIA, ILLINOIS

Test Type
and

ASTM Description

Moisture Content
(D2216)

Atterberg Limits
(D4318)

Particle Si/,e
(Clays -D 1140)
(Sands, Gravel - D 422)

Moisture Density
(D 698)

Permeability
(Clays - D 5084)
(Sands, Gravel - D 2434)

Compacted
Fill

(cu yd)

1 per 15,000*

1 per 15,000*

1 per 15,000*

1 per 15,000*

Tracked-in
Place Fill

(cu yd)

1 per 5,000 *

1 per 5,000 *

1 per 5,000 *

1 per 10,000*

Drainage Material
Sand

(cu yd)

1 per 5,000 *

1 per 5,000 *

1 per 5,000 *

Drainage Material
Gravel
(cu yd)

1 per 5,000 *

1 per 5,000 *

1 per 5,000 *

Protective
Fill

(cu yd)

1 per 5, 000*

1 per 5,000 *

1 per 5,000 *

Vegetative
Cover
(cu yd)

1 per 10,000
*

1 per 10,000
*

1 per 10,000
*

1 per 10.000
:|:

1 per 1 ().()()()

* = For each material type placed
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POST CONSTRUCTION TESTING FREQUENCY
OK SOIL COMPONENTS OF LINING AND FINAL COVER SYSTEMS

SAUGET AREA 1 TSCA LANDFILL
SOLUTIA INC.

CAIIOKIA, ILLINOIS

Test Type
and

ASTM Description

Field Placed Moisture and
Density
(D2922/D3017)

Field Placed Density/Moisture
Verification
(D2937/D2216)

Layer Bonding

Survey of As B u i l t
Configuration

Inplace Permeability

Compacted
Fill

1 per 2,000 yd3

1 per 15,000yd3

• Base of f i l l
• Completed section
• As directed

Tracked-in Place
Fill

1 per 10,000 ft2 or
6 per l if t

(minimum)

1 per 2,000 yd3

or 1 per l i f t
(minimum)

1 per layer

Drainage
Material Sand

Drainage
Material Gravel

Protective
Fill

Vegetative
Cover

1 per 2,000 yd3

All appurtenant components 50 feet center to center or min imum 6 points per grade at
least the following locations:

• Base of excavation
• Top of first clay l i f t for each layer
• Top of all collection systems
• Base and top of all sumps and drains
• As directed by the owner or his representative

...i
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APPENDIX A
CONSTRUCTION QUALITY ASSURANCE CHECKLIST

I. SUBMITTAL OF QUALIFICATIONS

A. Earthwork Contractor (2.3.1)
1. Demonstration of bonding capability and list of outstanding contracts.

2. A list of five comparable projects.
a. Name of facility, location, and date of installation.

b. Name of project manager or contact person for installation.
c. Description and purpose of installation and definition of

contractor's scope.
3. A list of readily available equipment.

B. CQA Consultant (2.3.2)
1. Corporate Information

a. Corporate history
b. Proof of insurance

1) professional liability
2) "umbrella" coverage

3) other coverages required by state and local Statutes or
proposed contractual agreements.

2. Inspection Capabilities

a. Summary of firm's experience with observation and testing,
especially soil components for waste facilities.

b. Summary of firms experience in CQA/QC (emphasis on soil
components).

3. Personnel
a. Resumes of personnel to be involved in the project.
b. Supervising engineer must have proof of engineering degree

and/or professional engineering registration in project state.

c. Specific experience with soil components of inspecting
personnel.

II. MEETINGS

A. Resolution Meeting (with Design Engineer, Owner. Project Manager, and
CQA Monitor Present) (3.1)
1. Provide all parties with relevant documents.
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CONSTRUCTION QUALITY ASSURANCE CHECKLIST

2. Review plans and specifications.

3. Make modifications to CQA plan.

4. Review of the CQA plan and quali ty control procedures.

5. Review and assign responsibilities to parties.
6. Establish procedures for documentation and reporting information.

7. Establish methods for distribution and storage of documents and
reports.

8. Prepare a time schedule for operations.
9. Establish work area security and safety protocol.

10. Discuss and select earthwork contractors to be asked to bid.

11. Review special permit conditions and/or state and federal
requirements.

12. Select testing equipment as well as protocol for testing and placement
of soil materials.

13. Meeting documented by CQA monitor or designate and minutes
transmitted to all parties .

B. Pre-Construction Meeting (with Earthwork Contractor, CQA Monitor, and
Project Manager present) (3.2)

1. Discuss modifications to CQA plan.

2. Review special permits and state and federal requirements.
3. Review responsibilities of each party.
4. Review lines of authority and communication.

5. Review procedures for documentation and reporting information.
6. Review distribution and storage of documents and reports.
7. Establish protocol for testing.

8. Establish protocol for handling construction deficiencies.
9. Establish protocol for repairs and retesting.

10. Conduct site-walk.

a. Discuss work plans.

b. Inspect material handling, borrow, and stockpile locations.
11. Review a time schedule for all operations.

12. Review work area security and safety protocol.
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13. Discuss and establish procedures for material processing.

14. Establish procedures for control of water and general materials
protection and housekeeping.

15. Review health and safety requirements.
16. Meeting documented by CQA Monitor or designate and minutes

transmitted to all parties prior to start of construction

C. Progress Meetings with Earthwork Contractor and CQA Monitor (3-3)

1. Review work activity and location for the day.
2. Discuss personnel and equipment for the assignment of the day.

3. Review previous day's activities and accomplishments.

4. Review work schedule.

5. Discuss possible problems.
6. Review new test data.

7. Meeting documented by CQA Monitor.

D. Problem or Work Deficiency Meeting (with Earthwork Contractor, Owner,
and CQA Monitor present) (3.4)
1. Define and discuss the problem or deficiency.
2. Review alternative solutions.
3. Implement action plan.
4. Meeting documented by CQA Monitor.

HI. DOCUMENTATION

A. Daily Recordkeeping (completed by CQA Monitor) (5.1)
1. Daily memorandum of discussion with earthwork contractor (fill in

appropriate form)

2. Observation and testing data sheets (fill in appropriate form)

B. Construction Problem and Resolution Data Sheets (5.2) to Include:
1. A unique identifying sheet number

2. A detailed description of the situation or deficiency

3. Location and probable cause or situation or deficiency
4. How and when situation or deficiency was discovered

5. Documentation of the response to the situation or deficiency
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6. Final result of the response

7. Measure undertaken to avoid or prevent similar future occurrences

8. Signature of the CQA monitor and project manager

9. Summary of all supporting data and test sheets required upon
completion of construction

C. Photographic Reporting Data Sheet (5.3)

D. Design and/or Specification Changes (5.4)
1. CQA monitor shall inform the project manager and Design Engineer

of any design and/or specification changes
2. Design and/or specification changes shall be made only with written

agreement of the project manager and the design engineer. This
change shall take the form of an amendment to the specification or
Construction Quality Assurance Manual.

E. Progress Reports (5.5)

1. The CQA monitor shall prepare a summary progress report weekly, or
at a frequency established at the pre-construction meeting

2. The progress report will include:

a. A unique identifying sheet number
b. The date, project name, location, and other information
c. A summary of work activities during progress reporting periods

d. A summary of construction situations, deficiencies and/or defects
occurring during progress reporting period

e. A summary of test results, failures, and retests

f. The signature of the CQA monitor

F. Certification and Summary Report (5.6)

1. The CQA consultant shall submit to the project manager a final
certification and summary report that includes:
a. Summaries of construction activities

b. Observation and testing data sheets with test location plans
c. Construction problems and solutions data sheets
d. Changes from design and material specifications

e. As-built drawings, including:
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1) scale drawings with locations and extent of construction

2) surveying and base maps required done by qualified land
surveyor

3) as-built document prepared by the CQA Engineer and
included in the CQA plan documentation
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GSE
GSE HD* GSE HD is a high quality, high density polyethylene (HOPE) geomembrane

HOPE Geomembrane Produced from a specially formulated, proprietary virgin polyethylene resin. This
polyethylene resin is designed specifically for flexible geomembrane applications.
GSE HD contains approximately 97.5% polyethylene, 2.5% carbon black and trace
amounts of antioxidants and heat stabilizers; no other additives, fillers or extenders
are used. GSE HD has outstanding chemical resistance, mechanical properties.
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thickness, mils Imm) ASTM D 751/1593/5199 27 (0 68) 36 (0.90) 54(1.35) 72 (1.80) 90(2251

Density, g/cm3 ASTM D 792/1 505 0.94 0.94 0.94 0.94 0.94

s. Tensile Properties (each direction)

I

\

\
\

Strength at Break, Ib/in-width (N/mm)

Strength at Yield. Ib/m-width (N/mm)
Elongation at Break. %

Elongation at Yield. %

ASTM D 638, Type IV

Dumbell, 2 ipm

G.L. 2.5 in (64 mm)
G.L. 1.3 in (33 mm)

122(21)

65(11)

560

13

162 (28)

86(15)

560

13

243 (43)

130(23)

560

13

324 (57)

173 (30)

560

13

405 (7.1 )

216(38)

560

13

1 Tear Resistance. Ib (N)
g Puncture Resistance. Ib (N)

ASTM D 1004 22(98) 30(133) 45(200) 60(267) 75(334)

FTMS 101. Method 2065 39(174) 52(231) 80(356) 105(467) 130(579)

Carbon Black Content. % ASTM D 1603 2.0 2.0 2.0 2.0 2.0

EnvironmentalStressCrackResistance.hr ASTM D 1693. Cond B 1500 1500 1500 1500 1500

REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) ASTM D 751/1 593/51 99 30(0.75) 40(1.0) 60(1.5) 80(20) 100(25)

Roll Length" (approximate), ft (m) 952 (290) 650(198) 420(128) 320(98) 250(76)

Low Temperature Bnttleness. °F (°C) ASTM D 746. Cond B <-107(<-77) <-107(<-77) <-107 (<-77) <-107(<-77) <-107(<-77)

Oxidative Induction Time, minutes ASTM D 3895. 200 °C

Pure 02, 1 aim
100 100 100 100 100

Water Absorption. % wt change ASTM D 570 <0 01 <001 <0.01 <0.01 <0.01

Moisture Vapor Transmission. g/mday ASTM E 96 <0001 <0.001 <0.001 <0.001 <0001

Carbon Black Dispersion ASTM D 301 5 A1 .A2.B1 A1.A2.B1 A1.A2.B1 A1.A2.B1 A1.A2.B1

Dimensional Stability (each direction), % ASTM D 1204, 100 °C. 1 hr ±2 ±2

Melt Flow Index, g/10 minutes ASTM D 1238. Cond. 190/2 .16 <1.0
GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 rt (10.5m) wide and weighing about 2.900 Ib (1,315 kg) and 4.400 Ib (1.995 kg)
respectively. Other material thicknesses are available upon request.
" Roll lengths correspond to the 22.5 rt (6.9 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection
with the use of this information. Check with GSE for current, standard minimum quality assurance procedures.
' Certain trademarks of GSE Lining Technology, Inc. are registered in the United States and certain foreign countries. GSE is a registered
trademark of GSE Lining Technology. Inc.

GSE Lining Technology, Inc. GSE Lining Technology GmbH
Corporate Heaoauarters
19103 Gundle Road
Houston, Texas 77073
USA
800-435-2008
281^43-8564
FAX: 281-875-6010

European Headauarters
Buxtehuder Strade 112
D-2 1073 Hamburg
Germany
49-40-767-420
FAX: 49^0-767-42-33

Sales/Installation Offices
Australia
Egypt
Singapore
United Arab Emirates
United Kingdom

Represented by:

For environmental lining solutions...the wor/d comes to GSE.'
A Gundle/SLT Environmental, Inc. Company DS 005 R03/05/98



GSE
GSE HD* Textured GSE HO Textured is the textured version of GSE HD. It is a high quality, hig!

Textured HOPE density polyethylene (HOPE) geomembrane with one or two co-extruded, texturecN f

p h anp surfaces- anc* consisting of approximately 97.5% polyethylene, 2.5% carbon black
a and trgce arnounts Of antioxidants and heat stabilizers; no other additives, fillers

or extenders are used. The resin used is a specially formulated, proprietary virgin
polyethylene and is designed specifically for flexible geomembrane applications.
GSE HD Textured has excellent resistance to UV radiation and is suitable for
exposed conditions. This product allows projects with greater slopes to be
designed since frictional characteristics are enhanced.

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thickness, mils (mm) ASTMD 751/1593/5199 27 (0.68) 36 (0.90) 54(1.35) 72(1.80) 90 (2 25)

Density, g/cm3 ASTMD 792/1505 0.94 094 094 0.94 094

1 Tensile Properties (each direction)
•j Strength at Break. Ib/in-width (N/mm)

3 Strength at Yield, Ib/in-width (N/mm)
1 Elongation at Break. %
J Elongation at Yield. %

ASTM D 638, Type IV

Dumbell, 2 ipm

G.L =2.5 in (64 mm)

G.L = 1 3 in (33 mm)

38 (7)

65(11)

120

13

50(9)

86(15)

120

13

75(13)

130(23)

120

13

100(18)

173(30)

120

13

125(22)

216(38)

120

13

Tear Resistance. Ib (N) ASTMD 1004 22 (98) 30(134) 45 (200) 60 (267) 75(334)

Puncture Resistance. Ib |N) FTMS 101. Method 2065 38(169) 52(231) 80 (356) 105(467) 130(579)

Carbon Black Content, % ASTM D 1603 2.0 2.0 2.0 2.0 2.0

Environmental Stress Crack Resistance', hr ASTM D 1693, Cond. B 1500 1500 1500 1500 1500

REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) ASTMD 751/1593/5199 30 (0 75) 40(1.0) 60(1,5) 80 (2.0) 100(25)

Roll Length (approximate), ti (m) 825(251) 730(223) 520(158) 400(122) 325(99)

Low Temperature Britlleness. 3F f C) ASTM D 746. Cond. B <-107(<-77) <-107(<-77) <-107(<-77) <-107(<-77) <-107(<-77)

Oxidative Induction Time, minutes ASTM D 3895, 200 =C

, 1 atm
100 100 100 100 100

Carbon Black Dispersion ASTMD 3015 A1.A2.B1 A1.A2.B1 A1.A2.B1 A1.A2.B1 A1.A2.B1

Dimensional Stability (each direction). % ASTM D 1204. 100 °C. 1 hr ±2 ±2 ±2 ±2

Melt Flow Index, g/10 minutes ASTMD 1238, Cond. 190/2.16 <1.0 <1 0

GSE HD Textured is available in rolls approximately 22.5 ft (6.9 m) wide and weighing about 3,700 Ib (1,678 kg). Other material thicknesses are
available upon request.
The combination of stress concentrations due to coextrusion texture geometry and the small specimen size results in large variation of test results.
Therefore, these tensile properties are minimum average values.
'Note: ESCR for HD Textured is conducted on representative smooth membrane samples.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection
with the use of this information. Check with GSE for current, standard minimum quality assurance procedures.
" Certain trademarks of GSE Lining Technology, Inc. are registered in the United States and certain foreign countries. GSE is a registered
trademark of GSE Lining Technology, Inc.

GSE Lining Technology, Inc. GSE Lining Technology GmbH
Corporate Headquarters
19103 Gundle Road
Houston. Texas 77073
USA
800-435-2008
281-443-8564
FAX: 281-875-6010

European Headquarters
Buxtehuder Stralle 112
D-21073 Hamburg
Germany
49-40-767-420
FAX: 49-40-76742-33

Sales/Installation Offices
Australia
Egypt
Singapore
United Arab Emirates
United Kingdom

Represented by:

For environmental lining solutions...the world comes to GSE.'
A Gundle/SLT Environmental, Inc. Company DS 006 R03/05/98



GSE
GSE

Textured HyperFlex
HOPE Geomembrane

HyperFrictionFlex is a premium grade, high density polyethylene (HOPE)
geomembrane produced from a specially formulated, virgin polyethylene resin, and
textured using GSE's patented FrictionFlex® process. The polyethylene resin is
designed specifically for flexible geomembrane applications. HyperFlex has
Outstandin9 resistance to UV radiation and stress cracking and is therefore highly
suited for exposed applications. The FrictionFlex process is the only manufacturing
method that provides a textured material without significant reduction of any of the
physical properties of the smooth surfaced membrane. No other textured
membrane provides an equivalent combination of enhanced slope stability and
resistance to containment failure if settlement of the lined structure occurs.

TESTED PROPERTY TEST METHOD MINIMUM VALUES
Thickness, mils (mm) ASTMD 751/1593/5199 36 (0 90) 54(1.35) 72(1.60) 90 (2.25)

Density, g/cm3 ASTMD 792/1 505 0.94 0.94 0.94 094

Tensile Properties (each direction)

Strength at Break, Ib/in-width (N/mm)

Strength at Yield. Ib/in-width (N/mm)
Elongation at Break. %
Elongation at Yield. %________

ASTM D 638, Type IV

Dumbell, 2 ipm

G.L. = 2.5 in (64 mm)
G.L. = 1.3 In (33 mm)

162 (28)

86(15)

500

13

243 (43)

130(23)

560

13

324 (57)

173(30)

560

13

405(71)

216(38)

560

13

Tear Resistance. Ib (N) ASTMD1004 30(133) 45 (200) 60 (267) 75(334)

Puncture Resistance. Ib (N) FTMS 101. Method 2065 52(231) 80 (356) 105(467) 130(579)

Carbon Black Content. % ASTM D 1603 2.0 2.0 2.0 2.0

Environmental Stress Crack Resistance, hr ASTMD 1693. Cond B 1500 1500 1500 1500

REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) ASTM D 751/1593/5199 40(1,0) 60(1.5) BO (2.0) 100(25)

Roll Length (approximate), ft (m) 665(216) 470(215] 350(107) 280 (85)

Low Temperature Bnttleness. 'F fC) ASTM D 746. Cond. B <-107(<-77) <-107(<-77) <-107(<-77) <-107 (

Oxidative Induction Time, minutes ASTM D 3895, 200 "C

Pure 03.1 atm

100 100 100 10

Carbon Black Dispersion ASTM D 3015 A1.A2.B1 A1.A2.B1 A1 .A2.B1 A1.A2.B1

Dimensional Stability (each direction). % ASTMD 1204. 1CKTC. 1 hr ±2 ±2 ±2 ±2

Melt Flow Index, g/10 minutes ASTMD 1238. Cond. 190/2.16

GSE HyperFrictionFlex is available in rolls approximately 22.5 ft (6.9 m) and 24 ft (7.3 m) wide and weighing about 3,500 Ib (1,588 kg). Other
material thicknesses are available upon request. See the FrictionFlex Application Data Sheet for more information regarding the GSE FrictionFlex
texturing process.
" Roll lengths correspond to the 24 ft (7.3 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection
with the use of this information. Check with GSE for current, standard minimum quality assurance procedures.
' Certain trademarks of GSE Lining Technology, Inc. are registered in the United States and certain foreign countries. GSE is a registered
trademark of GSE Lining Technology, Inc.

GSE Lining Technology. Inc.
Corporate Headquarters
19103GundleRoaa
Houston. Texas 77073
USA
800435-2008
281-443-8564
FAX 281-875-6010

GSE Lining Technology GmbH
European Headquarters
Buxtehuder StraBe 112
D-21073 Hamburg
Germany
49-40-767-420
FAX: 49-40-767-42-33

Sales/Installation Offices
Australia
Egypt
Singapore
United Arab Emirates
United Kingdom

Represented by:

For env/ronmente/ lining solutions...the world comes to GSE.'
A Gundle/SLT Environmental, Inc. Company DS 002 R03/04/98
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GSE HyperNet' GSE HyperNet products are geosynthelic drainage materials composed of two
HDPF C bonded, overlapping HOPE strands commonly referred to as geonei HyperNet

transmits fluids (liquids and gases) in the plane of the net by creating open channels that
allow flow. HyperNet is a premium grade geonet with excellent chemical resistance.
mechanical properties and life expectancy.

GSE HyperNet HF" GSE HyperNet HF products are manufactured in the same manner as standard GSE
HnPF H nh Flow Cponpt HyperNet but are designed specifically for use in situations where high flow and high

loads are expected such as in landfill cell designs.

GSE HyperNet CP* GSE HyperNet CP products are manufactured in the same manner as standard GSE
p_ _ . _ HyperNet but are designed specifically for use in situations where lower normal loads

"" ^ are expected such as in landfill cap designs.

TESTED PROPERTY

Transmissivity. rrv'/sec

Thickness mil (mm)

Densitv g/cnr

Tensile Strength (MDl. Ib/in (N/mm)

Carbon Black Content %

Roll Width ft im!

Roll Lengthen Im)

TEST METHOD

A5TMD4716

ASTM D 51 99

ASTM D 1 505

ASTM D 5034/5035

ASTM D 1603

MINIMUM AVERAGE VALUES1"
HyperNet

1 x 101"1

200(5)

094

4 5 ( 7 9 )

2 0

1 4 ( 4 3)

300 (90)

HyperNet HF

2x 1031"

250 (6 3)

094

55 (9 6)

2 0

1 4 ( 4 3 1

300 (90)

HyperNet CP

1 x lO 3 " "

200(5)

094

32 (5 6)

2 0

1 4 ( 4 3 1

300 (90)

(a) Gradient of 1 0. normal toad of 10,000 psf. water at 70"F between stainless steel plates

(b) Gradient of 1 0, normal load of 4.000 psf, water at 70"F between stainless steel plates

(c) Other roll lengths may be available upon request.

(d) These are typical values and are based on the cumulative results of specimens tested and as determined by GSE Quality Assurance practices

Jhis information is provided for reference purposes only and ;s nol intended as a warranty or guarantee. GSE assumes no liability in connecoon with
the use of this information. Check with GSE for current, standard minimum quality assurance procedures

* GSE and other marVs used m this document are trademarks and service marks of GSE Lining Technology Inc., certain ol w^uch are registered in the United Stales and other coontnes

GSE lining Technology, Inc.
Corporate Headquarters
19103 Gundle Road
Houston. Texas 77073
USA
800-435-2008.261443-8564
FAX: 281-875-6010

CSE Lining Ttthnotojy CnkH
European Headquarters
BuxWiudef Strafe 112
D-21073 Hamburg
Germany
49-40-767-420
FAX: 49-40-767-42-33

Visit us at www.gMworM.com.

Sjtes/kKUUaUon Office;
Australia
Egypt
Singapore
United Arab Emirates
United Kingdom

(^ Represented by: "\

For environmental lining solutions...the world comes to GSE.'
A Gundle/SLJEnvironmental. Inc. Company OS017H07/02/98



Senes HUX13 - Higri

Specifications

High Density Polyethylene (HOPE) - DS Textured Series HTX13

Serrot's HOPE geomembranes are produced from first quality, high molecular weight resins and are manufactured specifically for containment of
fluids in hydraulic structures. Serrot geomembranes are durable and have been formulated to be resistant to chemicals, ultraviolet degradation and
leaching additives. The series of geomembranes shown below is based on a minimum average thickness value equal to the nominal thickness
minus 5%, with the lowest individual of 8 of 10 values equal to the nominal thickness minus 10%, and the lowest individual of 10 values equal to
nominal minus 15%.

Property Test Method Frequency1 HT413 HT613 HT813 HT1013

Thickness (nominal) (mils)
Thickness (min. ave.) (mils)

• Lowest indiv. of 8 of 10

• Lowest indiv. of 10
values

Tensile Properties (min. ave.)
• Yield Strength (Ib/in)
• Break Strength (Ib/in)
• Yield Elongation (%)
• Break Elongation (%)

Tear Resistance (min. ave.)
(Ib)

Puncture Resistance (min.
ave.) (Ib)

Carbon Black Content (range)
(%)

Carbon Black Dispersion

Density (min. ave.) (g/cc)

Stress Crack Resistance (hr)

Dimensional Stability (max.
ave.) (%)

D5994

D638 Type IV
(2 ipm)

(1.3" gauge)
(2.0" gauge)

D1004

D4833
FTMS 101/
Method 20652

D1603/D4218

D5596

D1505/D792

D5397 (App.)

D1204

per roll

50,000 SF

50,000 SF

50,000 SF
Certified

50,000 SF

50,000 SF

Resin Batch

Resin Batch

Resin Batch

40
38
36
34

84
60
12
100

28

60
52

2.0-
3.0

Note

0.940

200

±2

60
57
54
51

126
90
12

100

42

90
78

2.0-
3.0

Note

0.940

200

±2

80
76
72
68

168
120
12
100

56

120
104

2.0-3.0

Note

0.940

200

±2

100
95
90
85

210
150
12

100

70

150
130

2.0-3.0

Note

0.940

200

±2

1 Testing frequencies are rounded to the nearest full roll.
2 FTMS 101 has been replaced with D4833. Value shown for comparison purposes only. Carbon Black Dispersion for 10 different views: all 10 in
Categories 1 or 2.

The information contained herein has been compiled by Serrot International, Inc. and is, to the best of our knowledge, true and accurate. This
information is offered without warranty. Final determination of suitability for use contemplated is the sole responsibility of the user. This
information is subject to change without notice.

HTX13E 12/21/99

SERROT 125 Cassia WaV ' Henderson, NV 89014 - 702-566-8600 • Fax: 702-566-4739 Toll Free:
800-237-1777 wvm.serrot.com

Search Serrot I SiteMap Ask Serrot

Web Site Development: cb3.com
This page was last modified: Monday, May 22, 2000

http://www.serrot.com/TechInfo/SpecSheets/Standard/HTX13.htm 11/2/00



GSE Page 1 of 2

GSE FabriCaD* **SE FabnCap geocomposites typically consist of GSE HyperNet CP with nonwoven
l_ip>pc p _ t/p fi polypropylene geotextile fabric heat-bonded to one or both sides. The geotexlile serves

as a filter to prevent the geonet from clogging while the geonet provides a path for the
Capping Composite flujds Q|qujds and gases) GSE HyperNet CP is manufactured in the same manner as

standard GSE HyperNet but is designed specifically for use in situations where lower
normal loads are expected such as in landfill cap designs

TESTED PROPERTY TEST METHOD MINIMUM AVERAGE VALUES'"
with 4 oz/yd2 with 6 oz/yd2 with 8 oz/yd2

Transmissivilv"1 rrf/sec

Plv Adhesion Ib/in (N/mm)

Roll Width rt |m)

Roll Length, It (ml

ASTM D4716

ASTM D 413 or F 904

1 1 X 10 '

1 4 ( 4 3 )

250 (76 2)

1 Ox 10*

See footnote (t>)

14(431

225 (68.6)

90x 10 5

14(4 3)

200 (60 91

Net component only'01

Transmissivity" m'/sec

Thickness, mil (mm)

Density. g/cm j

Tensile Strength IMD] Id/in IN'mm)

Carbon Black Content %

Geotextile component only |e'dl

Thickness mil imml

Grab Tensile Ib (N)

Puncture Strength Ib INI

AOS US sieve (mm)

Flow Rale gpm/ft? (Ipnvrrr')

UV Resistance, % retained

ASTM D 471 6

ASTM D 51 99

ASTM D 1505

ASTM D 5034/5035

ASTMD 1603

ASTM D5199

ASTM D 4632

ASTM D 4833

ASTMD 4751

ASTM D 4491

ASTM D 4355 (after 500 hours)

1 x 10 '

200(5)

094

32 15.6)

2 0

4 oz/yd2

45 (1 1)

100(445)

65 (285)

70(0212)

140(5700)

70

1 x 10 '

200(5)

0 9 4

32 (5 6)

2 0

6 oz/yd2

6011.5)

1501665)

95 1420)

7010212)

110(4430)

70

1 x 10 J

200(5)

094

32 (5 6)

2 0

8 oz/yd2

80 12 0)

200 1890)

1301575)

80(0180)

110(4480)

70

(a) Gradient of 1 0, normal load of 4.000 psf. water al 70'F between stainless steel plates
(b) Greater than the friction angle of the textile to soil
(c) Component properties prior to lamination
(d) Other geotexliles are available and may be provided as agreed upon by GSE All geotextile property values are as reported by the geotextile supplier.
(e) These are typical values and are based on the cumulative results of specimens tested and as determined by GSE Quality Assurance practices

This information is provided for reference purposes only and is not intended as a warranty or guarantee GSE assumes no liability in connection with
the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

" GSE and offier martu. used in this document are ffademarki and sen/ice martu of GSE Lining Technology. Inc . certain o< vsffiich are registered in the Untied Stales and other courtrtes

GSE Lmnj Technology, IK.
Corporate Headquarters
19103Cundletoa(i
Houston, leias 77073
USA
800-435-2008. 281-443-8564
FAX: 281-875-6010

fnr pnvirnnt

GSE Linns Technology Gn*H
European Headquarters
BuxtehuderSiraBe112
D-21073 Hamburg
Germany
49-40-767-420
FAX: 49-40-76742-33

npntnl lininn cn/i/fmm the ivn

snts/insLiiuuon cxr.es ^ Represented by: "\
Australia r } ^
Egypt
Singapore
United Arab Emirales
United Kingdom

rlri enmpt tn KF '
K Gundle/SU [mironmental, Inc. Company

DS019R07/02/98



Product Specification - Structural Geogrid UX160020SB

TensarEarthTechnologies.lnc.reservesthenghttochange its product specifications at any time. It is the responsibility of the specifier and purchaser to ensure
thai product specifications used lor design and procurement purposes are current and consistent with the products used in each instance. Please contact Tensar
Earth Technologies. Inc. at 800-836-7277 for assistance

The structural geogrid shall be an integrally formed grid structure manufactured of a stress resistant high density polyethylene material
with molecular weight and molecular characteristics which impart: (a) high resistance to loss of load capacity or structural integrity
when the geogrid is subjected to mechanical stress in installation; (b) high resistance to deformation when the geogrid is subjected to
applied force in use; and (c) high resistance to loss of load capacity or structural integrity when the geogrid is subjected to long-term
environmental stress.

The structural geogrid shall accept applied force in use by positive mechanical interlock (i.e. by direct mechanical keying) with: (a)
compacted soil or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted soil or
construction fill materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess
sufficient cross sectional profile to present a substantial abutment interface to compacted soil or paniculate construction fill materials
and to resist movement relative to such materials when subject to applied force. The structural geogrid shall possess sufficient true
initial modulus to cause applied force to be transferred to the geogrid at low strain levels without material deformation of the reinforced
structure. The structural geogrid shall possess complete continuity of all properties throughout its structure and shall be suitable for
reinforcement of compacted soil or paniculate construction fill materials to improve their long term stability in structural load bearing
applications such as earth retention systems. The structural geogrid shall otherwise have the following characteristics:

Product Type • Integrally Formed Structural Geogrid

Load Transfer Mechanism - Positive Mechanical Interlock

Product Properties Units MD Values1

Load Capacity

•True Initial Modulus in Use2 kN/m (Ib/ft) 1787.3(122,500)

Long-Term Allowable Load In Sands, Silts & Clay3 kN/m (Ib/ft) 41.7(2,857)

Long-Term Allowable Load In Well Graded Sand3 kN/m (Ib/ft) 41.7(2.857)

Long-Term Allowable Load in Aggregate3 kN/m (Ib/ft) 37.4 (2,564)

Integrity of Product Structure

Junction Strength" kN/m (Ib/ft) 100.8 (6.908)

•Flexural Stiffness5 xl.OOO mg-cm 6.600

UXXLS
UX160020SB

6/99



Durability

•Resistance to Installation Damage6 %SC/%SW/%GP 95/95/85

• Resistance to Long-Term Degradation7 % 100

Dimensions and Delivery

The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring
1.3 meters (4.26 feet) in width and 61.0 meters (200 feet) in length. A typical truckload quantity is 216 rolls. On special request,
the structural geogrid may also be custom cut to specific lengths or widths to suit site specific engineering designs.

Notes

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D-4759.
Brief descriptions of test procedures are given in the following notes. Complete descriptions of test procedures are available on
request from Tensar Earth Technologies, Inc.
2. True resistance to elongation when initially subjected to a load measured via GRI-GG1 (tested at 10 percent per minute
based on the greater of 2 aperture or 8-inch [200 millimeter] gauge length) without deforming test materials under load before
measuring such resistance or employing "secant" or "offset" tangent methods of measurement so as to overstate tensile
properties.
3. True strength available for resisting force in long-term load bearing applications is determined by reducing ultimate tensile
strength by state-of-practice factors for installation damage, degradation in use, product integrity limitations and long-term
product deformation per GRI-GG4.
4. Load transfer capability measured via GRI-GG2.
5 Resistance to bending force measured via ASTM D-1388, Option A, using specimen dimensions of 864 millimeters in length
by 1 aperture in width.
6. Resistance to loss of load capacity or structural integrity when subjected to mechanical stress in installation measured via
ASTM D-5818 in a clayey sand (SC), a well graded sand (SW) and crushed stone classified as a poorly graded gravel with a
maximum 2 inch particle size (GP).
7. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured
via ERA 9090 immersion testing.

Tensar Earth Technologies, Inc.
5775-B Glenridge Drive
Lakeside Center, Suite 450
Atlanta, Georgia 30328-5363
(800) 836-7271

Date: June 1, 1999

This product specification supersedes all prior specifications for the product described above and is not applicable to any
products shipped to jobsite prior to June 1, 1999.

UX.XLS
UX160020SB

6/99



NSL

[ U p ]

BENTOFIX'
Thermal Lock "NSL"

Geosynthetic Clay Liner FIX - 501 NSL

Technical Bulletin
Bentofix Thermal Lock "NSL" is a needlepunch reinforced GCL comprised of a uniform
layer of granular sodium bentonite encapsulated between a slit-film woven and a virgin
staple fiber nonwoven geotextile. The needlepunched fibers are thermally fused to the
woven geotextile to enhance the reinforcing bond.

Geotextile
Properties Test Method Minimum Test

Frequency Value - English Value - SI

Cap Nonwoven
Mass/Unit Area ASTM D 5261

1/200,000 sq. ft
(1/20,000 sq. i 6.0 oz./yd2 MARV 200 g / m2 MARV

m)

Woven Scrim
Mass/Unit Area

11/200,000 sq. ft
ASTM D 5261: (1/20,000 sq. j1 3.1 oz./yd2 MARV 105 g / m2 MARV

m)

Bentonite
Properties

Swell Index ASTM D 5890 |

Moisture Content , ASTM D 4643 1/100,000 Ibs.
(50,000 kg) 12 % max. 12 % max.

Fluid Loss | ASTM D 5891 18 ml max' 18 ml max.

Finished GCL
Properties

Bentonite Mass 1/40,000 sq. ft 0.75 Ib. / sq. ft ! 3.66 kg / m2

Per Unit Area1 (1/4,000 sq. m) MARV MARV

Grab Strength2 ASTM D 4632' ' Sq' ft,^ ___ _________ (1/4,000 sq. m) 95 Ibs MARV 422 N MARV

Grab Elongation2 ASTM D 4632 10° % Typical

Peel Strength3 ASTM D 4632 'm) 15 lbs' min'

100 % Typical

66 N

1/100,000 sq. ft
Permeability4 ASTM D 5084 (1/10,000 sq.
_____ m)

n g „
5 x 10'y cm/sec 5 x 10'9 cm/sec

max max

Index Flux4 ASTM D 5887 I/Week 1 x 10'8 1 x ID'8

m3/m2/sec max m3/m2/sec max

http://www.serrot.com/TechInfo/SpecSheets/Standard/Bentofix/Bentofix-NSL.htm 1/2/00



NSL

Internal Shear
Strength5 ASTM D 6243 Periodic 500 psf Typical 24 kPa Typical

Dimensions
Width x Length
Area per Roll___

Packaged Weight

nominal ; Every Roll
nominal Every Roll

15.5 x 150 ft

2325 ft2

4.7 x 45.72 m

216 m2

typical Every Roll 2160 Ibs 980 kg

NOTES:

1. Oven-dried measurement. Equates to .084 Ib when indexed to a 12% moisture
content.
2. Measured at maximum peak, in the weakest principal direction.
3. Modified to use a 4-inch wide grip. The maximum peak of five specimens
averaged.
4. De-Aired Tap Water @ 5 psi maximum effective confining stress and 2 psi head.
5. Typical peak value for specimen hydrated for 24 hr. and sheared under a 200 psf
normal stress.

Information regarding the physical properties of Bentofix Thermal Lock products, including the information
contained in this specification sheet, is, to the best of our knowledge, information and belief, representative of
Bentofix Thermal Lock products. All information, data, suggestions, opinions and recommendations are offered
without guarantee or warranty of any kind. The final determination as to the appropriateness or suitability of
any Bentofix product in any particular application rests with the user and is the user's sole responsibility. All
rights are reserved to alter, change or modify the Bentofix products and product specifications at any time
without notice. Please check with your sales or technical representative to assure that specifications are
current. Bentofix is a registered trademark of Naue Fasertechnik, GmbH. (May-99 Bentofix NSL99)

BFNSL - 0599

Search Serrot I SiteMap Ask Serrot

Web Site Development: cb3.com
This page was last modified: Sunday, November 07, 1999

http://www.serrot.com/TechInfo/SpecSheets/Standard/Bentofix/Bentofix-NSL.htm 11/2/00



TENAX
Type 450 - 600 - 750 - 900
Geonets

UK AS

TENAX CE geonets are high profile rhomboidal shaped mesh structures made by two sets of overlaid intersecting strands. The
intersecting strands form overlaid sets of continuous deep channels which provide high flow capacity. These geonets are used in waste
disposal and general civil engineering projects, where a high flow capacity is required.
TENAX CE geonets are manufactured from extrusion of High Density Polyethylene (HOPE), black in color; they are inert to chemical and
biological conditions normally occurring in soil. Moreover they are treated with special additives to resist UV degradation.
TENAX CE geonets are available in a wide range of thicknesses and widths, so as to satisfy any design and installation need.

Typical applications
Load distribution, site leveling and mechanical protection of the geomembrane; drainage of the accidental leaks below primary; leachate
and ram water collection above pnmary geomembrane; mechanical protection of the geomembranes when in contact with waste-materials
and/or soil; drainage of liquids and gases present in the soil above and/or below the capping geomembrane.

PHYSICAL
CHARACTERISTICS
STRUCTURE
POLYMER TYPE
U.V. STABILIZER
FOAMING AGENT

CE
450

2 strands
HOPE

carbon black
NO

CE
600

2 strands
HOPE

carbon black
NO

CE
750

2 strands
HOPE

carbon black
NO

CE
900

2 strands
HOPE

carbon black
NO

notes

DIMENSIONAL
CHARACTERISTICS
THICKNESS at 20 kPa
THICKNESS at 200 kPa
UNIT WEIGHT
ROLL WIDTH
ROLL LENGTH
ROLL DIAMETER
ROLL VOLUME
ROLL GROSS WEIGHT

UNIT

mm
mm
g/m2

m
m
m
m3

kg

CE
450
4.0
3.8
450
2.3
100
0.78
1.41

103.5

CE
600
4.5
4.2
600
2.3
50

0.56
0.73
69.0

CE
750
5,0
4.8
750
2.3
50

0.58
0.79
86.3

CE
900
5.5
5.2
900
2.3
50

0.62
0.89
103.5

notes

a.c
a,c
a.d
a.g
a
a
a
a

TECHNICAL
CHARACTERISTICS
HYDRAULIC FLOW RATE

i=1 ov = 20 kPa
i=1 ov= 100 kPa
i=1 ov= 200 kPa
i=1 ov = 500 kPa

TENSILE STRENGTH
ELONGATION AT PEAK

UNIT

m2/ sec
m2/ sec
m'l sec
m'/ sec
kN/m

%

CE
450

CE
600

CE
750

1.18E-03
1.11 E-03
1.00E-03
3.84 E-04

4.0
80

1.39 E-03
1.31 E-03
1.24 E-03
7.61 E-04

5.0
30

1.41 E-03
1.33 E-03
1.26 E-03
9.26 E-04

7.0
30

CE
900

notes

1 .44 E-03
1.36 E-03
1.28 E-03
1.09 E-03

9.0
30

a.b.e
a.b.e
a.b.e
a.b.e
a.b.f
a.b.f

NOTES:
a) Typical values
b) Longitudinal direction
cl ISO 9863
d) ISO 9854
e) ASTM D4716
f) ISO 10319
g) Upon request available 3.8 m wiae

GEO 13.8-E-04/00 Man, Technology, Environment.



Typical Hydraulic Characteristics

TENAX CE450
HYDRAULIC FLOW RATE. [m'/»c]

1 OE-04 i

1.06-05
200 400 600 100

COMPRESSIVE STRESS, [kP»]

TENAX CE750
HYDRAULIC FLOW RATE, |m'/««c]___________

1.0E-03 I

1 OE-05

1.OE-04 <• - - - • • - - - -
f HYDRAULIC GRADIENT

0 200 400 600 800
COMPRESSIVE STRESS, [kPi]

TENAX CE600
HYDRAULIC FLOW RATE. |m'/l«c|

f : : : : c : : : : • : : : : :

r
1.0E-04 t

{ HYDRAULIC GRADIENT; : :
I i«i • 1.00 ,: • :
t~ I -0.50 .' • •
i '+1-0.10________i" '

0 200 400 600 (00
COMPRESSIVE STRESS. (kPa]

TENAX CE900
HYDRAULIC FLOW RATE. [

1.0E-03 tSJC. 'K • • • • '•-;

; RYDRAULIC GRADIENT^
; •1-1.00
r ^i - o.so
M + l'0.10

200 400 600 800
COMPRESSIVE STRESS, |hPa]

TENAX CE

/WW

TENAX SpA
Geosynthetics Division
Via dell'lndustria, 3
I-23897 Vigano (LC) ITALY
Tel. (+39)039.9219307
Fax (+39)039.9219200
e-mail: geo.div@tenax.net
Web Site: www.tenax.net

TENAX International B.V.
Geosynthetics Division
Via Ferruccio Pelli, 14
CH-6900 Lugano SWITZERLAND
Tel. (+41)091.9242485
Fax (+41)091.9242489
e-mail: geo@tenax.ch
Web Site: www.tenax.net

Man, Technology, Environment.



TENAX
Type: 1000
Geonet

TENAX CE geonets are high profile rhomboidal shaped mesh structures made by two sets of overlaid intersecting strands The
intersecting strands form overlaid sets of continuous deep channels which provide high flow capacity. These geonets are used in waste
disposal and general civil engineering projects, where a high flow capacity is required.
TENAX CE geonets are manufactured from extrusion of High Density Polyethylene (HOPE), black in color; they are inert to chemical and
biological conditions normally occurring in soil. Moreover they are treated with special additives to resist UV degradation.
TENAX CE geonets are available in a wide range of thicknesses and widths, so as to satisfy any design and installation need.
The TENAX CE 1000 geonet is ideal for mechanical protection of the geomembrane. Its structure, having a small mesh, high unit
weight and cover properties, avoid the damages of the waterproofing geomembranes due to sharp objects and concentrated loads.

Typical applications
Load distribution, site leveling and mechanical protection of the geomembrane; drainage of the accidental leaks below primary; leachate
and ram water collection above primary geomembrane; mechanical protection of the geomembranes when in contact with waste-
materials and/or soil; drainage of liquids and gases present in the soil above and/or below the capping geomembrane.

PHYSICAL
CHARACTERISTICS
STRUCTURE
POLYMER TYPE
U.V.STABILIZER
FOAMING AGENT

TEST
METHOD

UNIT CE
1000

2 strands
HOPE

carbon black
NO

notes

DIMENSIONAL
CHARACTERISTICS
THICKNESS at 20 kPa
THICKNESS at 200 kPa
UNIT WEIGHT
MD APERTURE SIZE
TD APERTURE SIZE
ROLL WIDTH
ROLL LENGTH
ROLL DIAMETER
ROLL VOLUME
ROLL GROSS WEIGHT

TEST
METHOD
I SO 9863
ISO 9863
ISO 9864

UNIT

mm
mm

9/m2

mm
mm
m
m
m
m3

*9

CE
1000
4.0
3.8

1000
5.0
5.0
2.0
25

0.39
0.31
50.0

notes

a
a
a

a.b
a.c
a
a
a
a
a

TECHNICAL
CHARACTERISTICS

TEST
METHOD

HYDRAULIC FLOW RATE
i = 1.00 ov= 20kPa
i= 1.00 ov= 100 kPa
i = 1.00 cv= 200 kPa
i = 1.00 ov= 500 kPa

TENSILE STRENGTH
ELONGATION AT PEAK
RESIDUAL THICKNESS at 100 kPa
RESIDUAL THICKNESS at 500 kPa

ASTM D4716
ASTM D4716
ASTM D4716
ASTM 047 16

ISO 10319
ISO 10319

ASTM D1621
ASTM D1621

UNIT

m2/s
m j/s
m'/s
m'/s

kN/m
%
%
%

CE
1000

1.09E-03
1.04E-03
9.81 E-04
4.12 E-04

8.5
40

>95
> 70

notes

a.b
a.b
a.b
a,b
a.b
a.b
a
a

NOTES:
a) Typical values
bt Machine direction IMD)
c) Transversal direction (TD)

GEO206.2-E-04/00 Man, Technology, Environment.



Typical Hydraulic Characteristics

TEN AX CE 1000

1.0E-02
HYDRAULIC FLOW RATE, [m'/sec]

1.0E-03

1.0E-04

1.0E-05

HYDRAULIC GRADIENT
—i = 1.00 :
—i = 0.50 ':
©i = 0.10

TENAX CE

A/VW

0 100 200 300 400 500
COMPRESSIVE STRESS, [kPa]

The TENAX Laboratory has been created in
1980 and has been continuously improved with
the purpose of assunng unequalled technical
development of the products and accurate
Quality Control

The TENAX Laboratory can perform
mechanical, hydraulic and durability tests,
according to Ihe most important international
standards like ISO CEN ASTM DIN BSl UNl

TENAX SpA
Geosynthetics Division
Via dell'lndustria, 3
I-23897 Viganb (LC) ITALY
Tel. (+39)039.9219307
Fax (+39) 039.9219200
e-mail: geo.div@tenax.net
Web Site: www.tenax.net

TENAX International B.V.
Geosynthetics Division
Via Ferruccio Pelli. 14
CH-6900 Lugano SWITZERLAND
Tel. (+41)091.9242485
Fax (+41)091.9242489
e-mail: geo@tenax.ch
Web Site: www.tenax.nel

Man,Technology, Environment.



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining technologies luuiui.cetco com

Benhiinar DH Certified Properties
Bentomat "DN" is a reinforced GCL consisting of a layer of sodium bentonite between two geotextiles, which
are needlepunched together.

MATERIAL PROPERTY TEST METHOD TEST FREQUENCY, ft2 (m2) CERTIFIED VALUES

Bentonite Swell Index1

Bentonite Fluid. Loss1

Bentonite Mass/Area2

GCL Grab Strength3

GCL Peel Strength3

GCL Index Flux4

GCL Permeability4

GCL Hydrated Internal
Shear Strength^

ASTM D 5890

ASTM D 5891

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D 5084

ASTM D 5321

1 per 50 tons

1 per 50 tons

40,000 ft2 (4,000 m2)

200,000 ft2 (20,000 m2)

40,000 ft2 (4,000 m2)

Weekly

Weekly

Periodic

24 mL/2g min.

18 mL max.

0.75 lb/ft2 (3.6 kg/m2)

150 Ibs (400 N)

15 Ibs (65 N)

1 x 10'8 m3/m2/sec

5 x 10~9 cm/sec

500 psf (24 kPa) typical

Notes: Bentonite property tests performed at CETCO's bentonite processing facility before shipment to CETCO's GCL
production facilities.

Bentonite mass/area reported at 0 percent moisture content.

All tensile testing is performed in the machine direction, with results as minimum average roll values unless
otherwise indicated.

Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551 kPa) cell pressure,
77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent
to 925 gal/acre/day. This flux value is equivalent to a permeability of 5xlO~9cm/sec for typical GCL thick-
ness. This flux value should not be used for equivalency calculations unless the gradients used represent
field conditions. A flux test using gradients that represent field conditions must be performed to determine
equivalency. The last 20 weekly values prior the end of the production date of the supplied GCL may be
provided.

Peak value measured at 200 psf (10 kPa) normal stress. Site-specific materials, GCL products, and test con-

ditions must be used to verify internal and interface strength of the proposed design.

11/98 over
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COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining techno log ies ujiuni c e f c o com

BeiUomar DM Panel and Boll SpecificaNons
STANDARD PANEL SPECIFICATIONS

Panel Dimensions*.......................14 ft. (4.3 m) wide; 150 ft. (45.7 m) long

Total Panel Area...........................2,100 sq. ft. (195 sq. m)

Effective Area..............................1,998 sq. ft. (185 sq. m)

{Assumes 6-in. (150 mm) edge overlap and 2-ft. (600 mm) end overlap}

STANDARD ROLL SPECIFICATIONS

Dimensions.................................16 ft. (4.88 m) wide w/ core; 24 in. (610 mm) diameter

Nominal Weight...........................2,600 Ibs. (1,180 kg)
Core Size (I.D.)............................4 in. (100 mm) I.D. Inner core plug measures 2.5 in. (63 mm)

Packaging...................................8-mil (0.2 mm) U.V.-resistant polyethylene sleeve

STANDARD SHIPPING SPECIFICATIONS

Shipment Size.............................15 rolls per truckload or container load

Granular Bentonite.......................50-lb. (23 kg) bags

UNLOADING AND HANDLING EQUIPMENT

Core Pipe and Spreader Bar............18 ft. (5.5 m) long, 2.5 in. (63 mm) Nominal Pipe Size, XXH

OR: Solid steel pipe

OR: Stinger attachment for forklift

Chains or Straps...........................2 required; each approximately 12 ft. (3.7 m) long

Equipment...................................Front end loader or forklift (typical)

* Custom lengths/widths available

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and accepts no
responsibility for the results obtained through application of this information.

1500 West Shure Drive Arlington Heights, Illinois 60004 (800) 527.9948 tel [847] 392.5800 fax (847] 577.5571



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining lechnologies uiuiui c e f c o com

BeHhmiflr* ST Certified Properties
Bentomat "ST" is a reinforced GCL consisting of a layer of sodium bentonite between woven and non-woven
geotextiles, which are needlepunched together.

MATERIAL PROPERTY TEST METHOD TEST FREQUENCY, ft2 (m2) CERTIFIED VALUES

Bentonite Swell Index1

Bentonite Fluid Loss1

Bentonite Mass/Area2

GCL Grab Strength3

GCL Peel Strength3

GCL Index Flux4

GCL Permeability4

GCL Hydrated Internal
Shear Strength^

ASTM D 5890

ASTM D 5891

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D 5084

ASTM D 5321

1 per 50 tons

1 per 50 tons

40,000 ft2 (4,000 m2)

200,000 ft2 (20,000 m2)

40,000 ft2 (4,000 m2)

Weekly

Weekly

Periodic

24 mL/2g min.

18 mL max.

0.75 lb/ft2 (3.6 kg/m2)

90 Ibs (400 N)

15 Ibs (65 N)

1 x 10'8 m3/m2/sec

5 x 10"9 cm/sec

500 psf (24 kPa) typical

Notes: 1 Bentonite property tests performed at CETCO's bentonite processing facility before shipment to CETCO's GCL
production facilities.

2 Bentonite mass/area reported at 0 percent moisture content.

3 All tensile testing is performed in the machine direction, with results as minimum average roll values unless
. otherwise indicated.

4 Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551 kPa) cell pressure,
77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent
to 925 gal/acre/day. This flux value is equivalent to a permeability of SxlO'^cm/sec for typical GCL thick-
ness. This flux value should not be used for equivalency calculations unless the gradients used represent
field conditions. A flux test using gradients that represent field conditions must be performed to determine
equivalency. The last 20 weekly values prior the end of the production date of the supplied GCL may be
provided.

5 Peak value measured at 200 psf (10 kPa) normal stress. Site-specific materials, GCL products, and test con-
ditions must be used to verify internal and interface strength of the proposed design.

11/98 over
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BentomaP ST Panel and Boll Specif ications

COLLOID ENVIRONMENT*!. TECHNOLOGIES COMPASY

Lining technologies in win cetco com

STANDARD PANEL SPECIFICATIONS

Panel Dimensions*.......................15 ft. (4.6 m) wide; 150 ft. (45.7 m) long

Total Panel Area...........................2,250 sq. ft. (209 sq. m)

Effective Area..............................2,145 sq. ft. (200 sq. m)

{Assumes 6-in. (150 mm) edge overlap and 2-ft. (600 mm) end overlap}

STANDARD ROLL SPECIFICATIONS

Dimensions.................................16 ft. (4.88 m) wide w/ core; 24 in. (610 mm) diameter

Nominal Weight...........................2,700 Ibs. (1,225 kg)
Core Size (I.D.)............................4 in. (100 mm) I.D. Inner core plug measures 2.5 in. (63 mm)

Packaging...................................8-mil (0.2 mm) U.V.-resistant polyethylene sleeve

STANDARD SHIPPING SPECIFICATIONS

Shipment Size.............................15 rolls per truckload or container load

Granular Bentonite.......................50-lb. (23 kg) bags

UNLOADING AND HANDLING EQUIPMENT

Core Pipe and Spreader Bar............l8 ft. (5.5 m) long, 2.5 in. (63 mm) Nominal Pipe Size, XXH

OR: Solid steel pipe
OR: Stinger attachment for forklift

Chains or Straps...........................2 required; each approximately 12 ft. (3.7 m) long
Equipment...................................Front end loader or forklift (typical)

* Custom lengths/widths available

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind ind accepts no
responsibility for the results obtained through application of this information.

1500 West Shure Drive Arlington Heights. Illinois 60004 (800] 527 .9948 tel [847] 393.5800 fax ( 8 4 7 ) 5 7 7 . 5 5 7 1



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining Technologies uiuiui cetco.com

BeiUomarCL Certified Properties
Bentomat "CL" is a reinforced GCL consisting of a layer of sodium bentonite between two geotextiles, which
are needlepunched together and laminated to a thin flexible membrane liner.

MATERIAL PROPERTY TEST METHOD TEST FREQUENCY, ft2 (m2) CERTIFIED VALUES

Bentonite Swell Index1

Bentonite Fluid Loss1

Bentonite Mass/Area2

GCL Grab Strength3

GCL Peel Strength3

GCL Index FluxA

GCL Hydraulic
Conductivity^*

GCL Hydrated
Internal Shear Strength^

ASTM D 5890

ASTM D 5891

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887
or E 96

ASTM D 5084
or E 96

ASTM D 5321

1 per 50 tons

1 per 50 tons

40,000 ft2 (4,000 m2)

200,000 ft2 (20,000 m2)

40,000 ft2 (4,000 m2)

Weekly

Weekly

Periodic

24 mL/2g min.

18 mL max.

0.75 lb/ft2 (3.6 kg/m2)

120 Ibs (530 N)

15 Ibs (65 N)

1 x 10"9 m3/m2/sec

5 x 10'10 cm/sec

500 psf (24 kPa) typical

Notes:

11/98

1 Bentonite property tests performed at CETCO's bentonite processing facility before shipment to CETCO's GCL

production facilities.

2 Bentonite mass/area reported at 0 percent moisture content.

* All tensile testing is performed in the machine direction, with results as minimum average roll values unless

otherwise indicated.

^ ASTM D5887 Index flux and ASTM D5084 hydraulic conductivity testing with deaired distilled/deionized water
at 80 psi (551 kPa) cell pressure, 77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) tailwater pres-

sure. Reported value is equivalent to 95 gal/acre/day. This flux value is equivalent to a permeability of
SxlO'1" cm/sec for typical GCL thickness. Alternatively, hydraulic conductivity can be determined by

performing water vapor transmissivity testing (ASTM E 96) on the membrane side of the GCL and use con-

version outlined by Koerner (1994). This flux value should not be used for equivalency calculations unless
the gradients used represent field conditions. A flux test using gradients that represent field conditions must

be performed to determine equivalency. The last 20 weekly values prior the end of the production date of
the supplied GCL may be provided.

5 Peak value measured at 200 psf (10 kPa) normal stress. Site-specific materials, GCL products, and test con-

ditions must be used to verify internal and interface strength of the proposed design.

over
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COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

lining technologies uimiij.cefco.com

Benfomar CL Panel and Roll Specif icat ions
STANDARD PANEL SPECIFICATIONS

Panel Dimensions*.......................14.5 ft. (4.4 m) wide; 150 ft. (45.7 m) long

Total Panel Area...........................2,175 sq. ft. (202 sq. m)

Effective Area..............................2,072 sq. ft. (192.5 sq. m)

{Assumes 6-in. (150 mm) edge overlap and 2-ft. (600 mm) end overlap}

STANDARD ROLL SPECIFICATIONS

Dimensions.................................16 ft. (4.88 m) wide w/ core; 24 in. (610 mm) diameter

Nominal Weight...........................2,700 Ibs. (1,225 kg)
Core Size (I.D.)............................4 in. (100 mm) I.D. Inner core plug measures 2.5 in. (63 mm)

Packaging...................................8-mil (0.2 mm) U.V.-resistant polyethylene sleeve

STANDARD SHIPPING SPECIFICATIONS

Shipment Size.............................15 rolls per truckload or container load

Granular Bentonite.......................50-lb. (23 kg) bags

UNLOADING AND HANDLING EQUIPMENT

Core Pipe and Spreader Bar............18 ft. (5.5 m) long, 2.5 in. (63 mm) Nominal Pipe Size, XXH

OR: Solid steel pipe
OR: Stinger attachment for forklift

Chains or Straps...........................2 required; each approximately 12 ft. (3.7 m) long

Equipment...................................Front end loader or forklift (typical)

* Custom lengths/widths available

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind ajid accepts no
responsibility for the results obtained through application of this information.

1500 West Shure Drive Arl ington Heights. Illinois 60001 [ 8 0 0 ) 5 2 7 . 9 9 4 8 tel [ 8 4 7 ] 392.5800 fax [ 847 ] 5 7 7 . 5 5 7 ]



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining Technologies IDUJUI cetco com

Clflpax8 200B Certif ied Propert ies
Claymax "200R" is an unreinforced GCL consisting of a layer of sodium bentonite between two woven
geotextiles, which are continuously adhered together.

MATERIAL PROPERTY TEST METHOD TEST FREQUENCY, ft2 (m2) CERTIFIED VALUES

Bentonite Swell Index1

Bentonite Fluid Loss1

Bentonite Mass/Area2

GCL Grab Strength3

GCL Peel Strength

GCL Index Flux4

GCL Permeability4

GCL Hydrated Internal
Shear Strength^

ASTM D 5890

ASTM D 5891

ASTM D 5993

ASTM D 4632

ASTM D 4632

ASTM D 5887

ASTM D 5084

ASTM D 5321

1 per 50 tons

1 per 50 tons

40,000 ft2 (4,000 m2)

200,000 ft2 (20,000 m2)

N/A

Weekly

Weekly

Periodic

24 mL/2g min.

18 mL max.

0.75 lb/ft2 (3.6 kg/m2)

150 Ibs (660 N)

N/A

1 x 10'8 m3/m2/sec

5 x 10'9 cm/s

50 psf (2.4 kPa) typical

Notes: 5 Bentonite property tests performed at CETCO's bentonite processing facility before shipment to CETCO's GCL
production facilities.

' Bentonite mass/area reported at 0 percent moisture content.

3 All tensile testing is performed in the machine direction, with results as minimum average roll values unless

otherwise indicated.

* Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551 kPa) cell pressure,
77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent

to 925 gal/acre/day. This flux value is equivalent to a permeability of 5xlO"^cm/sec for typical GCL thick-
ness. This flux value should not be used for equivalency calculations unless the gradients used represent
field conditions. A flux test using gradients that represent field conditions must be performed to determine

equivalency. The last 20 weekly values prior the end of the production date of the supplied GCL may be
provided.

5 Peak value measured at 200 psf (10 kPa) normal stress. Site-specific materials, GCL products, and test con-

ditions must be used to verify internal and interface strength of the proposed design.

11/98 over
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COU.OID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining techno log ies uiuiuj .cetco en"1

eflOB Panel and Boll Speci f icat ions
STANDARD PANEL SPECIFICATIONS

Panel Dimensions*.......................13.8 ft. (4.2 m) wide; 150 ft. (45.7 m) long

Total Panel Area...........................2,075 sq. ft. (193 sq. m)

Effective Area..............................1,973 sq. ft. (183 sq. m)

{Assumes 6-in. (150 mm) edge overlap and 2-ft. (600 mm) end overlap}

STANDARD ROLL SPECIFICATIONS

Dimensions.................................14.5 ft. (4.4 m) wide w/ core; 20 in. (510 mm) diameter

Nominal Weight..........................2,600 Ibs. (1,180 kg)
Core Size....................................4 in. (100 mm) I.D. Inner core plug measures 2.5 in. (63 mm)

Packaging...................................8-mil (0.2 mm) U.V.-resistant polyethylene sleeve

STANDARD SHIPPING SPECIFICATIONS

Shipment Size.............................15 rolls per truckload

UNLOADING AND HANDLING EQUIPMENT

Core Pipe and Spreader Bar............16 ft. (4.3 m) long, 3.5 in. (89 mm) O.D., XXH

OR: Solid steel pipe

OR: Stinger attachment for forklift

Chains or Straps...........................2 required; each approximately 12 ft. (3.7 m) long
Equipment...................................Front end loader or forklift (typical)

* Custom lengths/widths available

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and accepts no
responsibility for the results obtained through application of this information.

1500 West Shure Drive Arlington Heights, Illinois 60004 [800] 527 .9948 tel ( 8 4 7 ] 39Z .5800 fax |847] 5 7 7 . 5 5 7 1



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Lining lectinologies uiiuiu c e t c o corn

Claiimax* EOOCL Certified Properties
Claymax "600CL" is an unreinforced GCL consisting of a layer of sodium bentonite between a geotextile
and a laminate comprised of a geotextile and a polyethylene membrane, which are continuously adhered
together.

MATERIAL PROPERTY TEST METHOD TEST FREQUENCY, ft2 (m2) CERTIFIED VALUES

Bentonite Swell Index1

Bentonite Fluid Loss^

Bentonite Mass/Area2

GCL Grab Strength3

GCL Peel Strength

GCL Index Flux4

GCL Permeability4

GCL Hydrated Internal
Shear Strength-*

ASTM D 5890

ASTM D 5891

ASTM D 5993

ASTM D 4632

ASTM 0 4632

ASTM D 5887
or E96

ASTM D 5084
or E96

ASTM D 5321

1 per 50 tons

1 per 50 tons

40,000 ft2 (4,000 m2)

200,000 ft2 (20,000 m2)

N/A

Weekly

Weekly

Periodic

24 mL/2g min.

18 ml max.

0.75 lb/ft2 (3.6 kg/m2)

75 Ibs (330 N)

N/A

1 x 10"9 m3/m2/sec

5 x 10'10 cm/s

50 psf (2.4 kPa) typical *

Notes:

11/98

1 Bentonite property tests performed at CETCO's bentonite processing facility before shipment to CETCO's GCL
production facilities.

2 Bentonite mass/area reported at 0 percent moisture content, the GCL industry standard.

All tensile testing is performed in the machine direction, with results as minimum average roll values unless
otherwise indicated.

4 Index flux and permeability testing with deaired distilled/deioni2ed water at 80 psi (551 kPa) cell pressure,

77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent

to 95 gal/acre/day. This flux value is equivalent to a permeability of 5xlO"1(^ cm/sec for typical GCL thick-

ness. Alternatively, hydraulic conductivity can be determined by performing water vapor transmissivity

testing (ASTM E96) on the membrane side of the GCL and use conversion outlined by Koerner (1994). This

flux value should not be used for equivalency calculations unless the gradients used represent field condi-

tions. A flux test using gradients that represent field conditions must be performed to determine equiva.-

lency. The last 20 weekly values prior to the end of the production date of the supplied GCL may be
provided.

5 Peak value measured at 200 psf (10 kPa) normal stress. Site-specific materials, GCL products, and test con-

ditions must be used to verify internal and interface strength of the proposed design.
over
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COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

Linini) t echno log ies utuiui c e t c o com

Clapax* 600CL Panel end Roll Specif icat ions
STANDARD PANEL SPECIFICATIONS

Panel Dimensions*.......................13.8 ft. (4.2 m) wide; 150 ft. (45.7 m) long

Total Panel Area...........................2,075 sq. ft. (193 sq. m)

Effective Area..............................1,973 sq. ft. (183 sq. m)
{Assumes 6-in. (150 mm) edge overlap and 2-ft. (600 mm) end overlap}

STANDARD ROLL SPECIFICATIONS

Dimensions.................................14.5 ft. (4.4 m) wide w/ core; 20 in. (510 mm) diameter

Nominal Weight...........................2,700 Ibs. (1,225 kg)

Core Size....................................4 in. (100 mm) I.D. Inner core plug measures 2.5 in. (63 mm)

Packaging...................................8-mil (0.2 mm) U.V.-resistant polyethylene sleeve

STANDARD SHIPPING SPECIFICATIONS

Shipment Size.............................15 rolls per truckload

UNLOADING AND HANDLING EQUIPMENT

Core Pipe and Spreader Bar............16 ft. (4.3 m) long, 3.5 in. (89 mm) O.D., XXH

OR: Solid steel pipe

OR: Stinger attachment for forklift
Chains or Straps...........................2 required; each approximately 12 ft. (3.7 m) long

Equipment...................................Front end loader or forklift (typical)

* Custom lengths/widths available

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and accepts no
responsibility for the results obtained through application of this information.

1500 West Shure Drive Ar l ington Heights. Illinois 60004 [800] 5 2 7 . 9 9 4 8 te l [ 8 4 7 ] 392 .5800 fax [ 8 4 7 ] 5 7 7 . 5 5 7 1



APPENDIX I

TECHNICAL INFORMATION ON PERFORMANCE
OF GEOSYNTHETIC CLAY LINERS



96-4 Bonapane, R., Othman, M.A., Rad, N.S., Swan, R.H.. and Vender Linde, D.L., "Evaluation of
Various Aspects ot'GCL Performance", Appendix F in Report of 1995 Workshop on Geoyynthetic
Clay Uners, D.E. Daniel and H.B. Scranton authors, EPA/600/R-96/149, USEPA National Risk
Management Research Laboratory, Cincinnati, 1996, pp. F1-F34.

EVALUATION OF VARIOUS ASPECTS OF GCL PERFORMANCE

by

R. Bonaparte1, M.A. Othman1, N.R. Rad1, R.H. Swan1,
and D.L. Vander Linde1

INTRODUCTION

The purpose of this paper is to briefly present the results of various activities
that have recently been undertaken by the authors on the subject of geosyntbetic
clay liner (GCL) testing and performance evaluation. The subjects that are
addressed are:

• field hydraulic performance of composite liners containing GCLs;

• drained shear strength of hydrated GCLs at high normal stress;

• interface shear strength between unhydrated GCLs and textured
geomembranes at high normal stress;

• hydration of GCLs adjacent to soil layers; and

• causes of failure of a landfill cover system containing a GCL.

FIELD PERFORMANCE OF COMPOSITE LINERS CONTAINING GCLs

Sources of Flow in LDS of Double-Liner System

A double liner system consists of top and bottom liners with a leakage
detection system (LDS) between the two liners. If the double-liner system is used
in a landfill, it will also contain a leachate collection and removal system (LCRS)
above the top liner. As pan of an ongoing research investigation for the United
States Environmental Protection Agency (USEPA), the authors have collected data

'GeoSyntec Consultants, 1100 Lake Hearn Drive, Atlanta, Georgia 30342

1



on the rates of liquid flow into the sumps of LCRSs and LDSs for a wide variety
of, double-lined waste management units located throughout the United States.
Comparison of the rates of flow into the LCRS and LDS of a unit can be used to
quantify the performance of the top liner (in terms of the ability to impede
advective transport of liquid through the liner). In essence, the LDS serves as a
large lysimeter (i.e., collection pan) below the top liner.

To make the evaluation, consideration must be given to the potential sources
of liquid in the LDS. Gross et al. [1990] described the potential sources of LDS
flow, which are (Figure 1): (i) leakage through the top liner; (ii) drainage of
water (mostly rainwater) that infiltrates the leakage detection layer during
construction but does not drain to the LDS sump until after start of facility
operation ("construction water"); (iii) water expelled from the LDS layer as a
result of compression under the weight of the waste ("compression water"); (iv)
water expelled from any clay component of the top liner as a result of clay
consolidation under the weight of the waste ("consolidation water"); and (v) for
a waste management unit with its base located below the water table, groundwater
infiltration through the bottom liner ("infiltration water").

Gross et al. [1990] and Bonaparte and Gross [1990] presented the following
five-step approach for evaluating the sources of LDS liquid at a specific waste
management unit.

• Identify the potential sources of flow for the unit based on double-liner
system design, climatic and hydrogeologic setting, and unit operating
history.

• Calculate flow rates from each potential source.

• Calculate the time frame for flow from each potential source.

• Evaluate the potential sources of flow by comparing measured- flow
rates to calculated flow rates at specific points in time.

• Compare LCRS and LDS chemical constituent data to further establish
the likely source(s) of liquid.

Bonaparte and Gross [1990, 1993] used this five-step approach to evaluate
the sources of LDS flow for 93 waste management units. Under a contract to the
USEPA Risk Reduction Research Laboratory, the authors are currently
performing this evaluation using new data from the facilities in the Bonaparte and
Gross studies, as well as data from a significant number of additional waste
management units not included in the original studies. Preliminary results for
waste management units with composite top liners containing GCLs are presented
below.
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Figure 1. Sources of flow from leak detection layers.

LCRS and LDS Flow Data
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Table 1. Description of landfill liner system components.

Landfill
Identification

A
B
C
D
E
F

LCRS
Mateiial

Sand
Sand
Sand
Sand
Sand
GN

Thickness
(mm)

600
600
450
GOO
600

5

Composite Top Liner
HDPB

Geomembrane
Thickness (nun)

1.5
2.0
1.5
1.5
1.5
1.5

GCL
Thickness

(mm)
13
13
13
13
13
13

LDS
Material

Sand
Sand
Sand

GT/GN"1

GT/GN
GT/GN

Thickness
(mm)

300
450
300
5
5
5

Bottom Liner
HOPE

Geomembrane
Thickness (mm)

1.5
2.0
1.5
1.5
1.5
1.0

Layer 2
Material

Clay
Clay
GCL
N/A
Clay
GCL

Thickness
(mm)
200
300
13

N/A
900
13

Notes: '" GT= Geotextile, GN= Geonet.
121 All material thicknesses are nominal values.



Table 2. Summary of flow data for the LCRS and LDS of unics with composite top liners containing GCLs.

Cell
No.

Al
A2
A}
A4
A)
AG
A7
AS
A9
A10
Al l
All
AD
AM
All
A16
Bl
Cl
a
Dl
D2
Dl
El
Fl
n
n

Cell
Area

(hcoUrt)

1.0
2.0
1.7
1.7
2.1
3.8
2 6
3.8
3 3
3.9
3.0
4.0
3.0
1.8
2.8
4.3
3.4
2.4
2.4
4.0
2.4
2.8
3.8
1.3
1.0
1.0

End of
Cell

Const.
(month-

»««•)
7-88
7-81
8-18
8«8
9-88
11-88
1-89
7-89
11-89
2-90
790
10-90
191
4-91
5-91
1-9)
5-9}
4-9)
7-93
17-90
12-91
12-92
9-91
7-M
7-94
1-94

Sun of
Wme

Placero.
(month-
y*«)
7-88
7-88
9-88
988
10-88
17-88
1-89
7-89
1219
7-90
1-90
10-90
1-91
4 9 1
S92
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9.967
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7,480

11,688
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0.0
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0.9
0.0
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0.0
0.0
0.0
0.0
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0.0
1.9
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4.7
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(Iphd)
0.0
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860.2
91.6
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46.8
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0.0
0,0
0.0
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0.0
0.0

822.8
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Period
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11-76
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33-53
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11-17

14-47
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290
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0.0
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0.0
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0.0
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0.0
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0.9
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Avg.

(IpM)
65
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Figure 2 shows LCRS and LDS average daily flow rate data for a municipal
solid waste management unit, located in Pennsylvania, that was active for 56
months. Subsequently, a final cover system containing a geomembrane was
placed over the entire unit. Flow data for the 56-month operational period and
a 25-month post closure period were obtained and analyzed. As Figure 2 shows,
flow rates in both systems were highest immediately after the start of waste
placement and thereafter decreased with time. During the first twelve months of
operation, the average rate of flow into the LCRS sump decreased from 12,700
to 180 Iphd. After that time, the LCRS flow rate stabilized and during the
following 44 months, the rate of flow into the LCRS sump varied between 10 and
170 Iphd. After final closure, the flow rate decreased even further, to between
10 and 80 Iphd.

As illustrated in Figure 2, waste management unit development can be
divided into three distinct periods. During the first period, herein referred to as
the "initial period of operation". LCRS flow rates may be relatively high. High
flows during this period are attributed to the occurrence of rainfall into a unit that
initially contains little waste. To the extent rainfall occurs during this period, it
will find its way rapidly into the LCRS. Obviously, the amount of LCRS flow
during this period is highly dependent on climate. A lag exists between the time
liquid first enters the LCRS and when it flows into the LCRS sump. The
magnitude of the lag is largely dependent on the hydraulic characteristics (i.e.,
the length and slope of the LCRS and the hydraulic conductivity of the LCRS
drainage material). Most available data indicate a decreasing LCRS flow rate
with time during the initial period of operation. During the second period,
referred to herein as the "active period of operation", the rate of flow into the
LCRS continues to decreases and eventually stabilizes. This occurs as the amount
of waste in the unit increases and as daily and intermediate layers of cover soil
are placed. This trend in flow rates is also dependent on the type of waste but
is likely representative of the trends observed at most new landfills, excluding
chose that accept sludges or other high moisture content wastes. During the "post
closure period", the final cover system further reduces infiltration of rainwater
into the waste, resulting in a further reduction in LCRS flow. Final covers
containing geomembranes can, if functioning properly, virtually eliminate
rainwater infiltration.

LDS flow rates for the waste management unit in Figure 2 were highest (860
Iphd) at the beginning of operations and decreased in the following few months,
becoming very low (i.e., less than 10 Iphd) within approximately 15 months after
che start of unit operation. The decrease in LDS flow with time is expected
because: (i) flow rates in the LCRS during this time period decreased, and
therefore, the potential for leakage through the top liner also decreased; (ii) most
construction water initially present in the LDS flowed to the LDS sump in the
first few weeks to months of unit operation; and (iii) the volume of compression
and consolidation water for this waste management unit should be very small.
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Table 2 summarizes LCRS and LDS flow data for the 26 waste management
units containing GCLs in their composite top liners. Average and peak flow rates
are reported for the three time periods described above. Table 2 shows that
between the initial and active periods of operation, LCRS flow rates decreased
one to two orders of magnitude and LDS flow rates decreased one to three orders
of magnitude. Reported peak LCRS flow rates were up to 5 times the average,
while peak LDS flow rates were up to 20 times the average. Table 3 presents the
mean values of average and peak flows for the database.

Table 3. Mean values of flow for the data in Table 2 (Note: m = mean value;
a = standard deviation; values are in liter/hectare/day).

LCRS

Initial Period of Operation

Active Period of Operation

Post-Closure Period

Number
of Units

25

18

4

Avenge Flow Rate

m

5,350

276

124

a

3,968

165

-

Peak Flow Raie

m

14,964

752

266

a

11,342

590

-

LDS

Initial Period of Operation

Active Period of Operation

Post-Closure Period

Number
of Units

26

19

4

Average Flow Rate

in

36.6

0.7

0.2

a

68.5

1.1

-

Peak Flow Rate

m

141.8

7.7

2.3

a

259.9

13.7

-
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Top Liner Hydraulic Efficiency

Table 4 summarizes calculated "apparent" efficiencies for the composite top
liners of the 26 waste management units presented in Table 2. Liner apparent
efficiency, AE, is calculated using the following equation:

AE (%) = (1 - LDS Flow Rate / LCRS Flow Rate) x 100 (Equation 1)

Table 4. "Apparent" efficiencies of composite liners containing GCLs(

Cells with Sand LDS
Cell No.

Al
A2
A3
A4
AS
A6
A7
AS
A9
A10
All
A12
A13
A14
A15
A16
Bl
Cl
C2

Number
Range
Mean

Median

Initial Period
of Operation

(%)
100.00
99.90
98.97
96.01
97.23
98.58
99.37
99.02
99.91
100.00
100.00
100.00
100.00
100.00
100.00
100.00
94.57
97.94
91.84

19
91.84- 100.00

98.60

99.90

Active Period
of Operation

(%)
100.00
99.33
98.71
98.75
97.50
100.00
99.20
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.29

17
97.5 - 100.00

99.58

100.00

Post-Closure
Period

(%)
100.00
100.00
99.55
100.00

4
99.55 - 100.00

99.89

100.00

Cells with GT/GN LDS
Cell No.

Dl
D2
El
Fl
F2
F3

Number
Range

Mean
Median

Initial Period
of Operation

(%)
99.98
100.00
99.95
100.00
99.95
99.90

6
99.90 - 100.00

99.96

99.97

Notes: (:> Apparent Efficiency = (1 - LDS Flow / LCRS Flow) x 100 %



This liner efficiency is referred to as "apparent" because, as described above,
flo.w into the LDS sump may be attributed to sources other than top liner leakage
(Figure 1). If the only source of flow into the LDS sump is top liner leakage,
then Equation 1 provides the "true" liner efficiency. Liner efficiency provides
a measure of the effectiveness of a particular liner in limiting or preventing
advective transport across the liner.

Table 4 presents calculated AE values for waste management units with sand
LDSs (Landfills A, B, and C). For these units, the apparent efficiency is lowest
during the initial period of operation (AEm = 98.6 percent; where AE,,, = mean
apparent efficiency) and increases significantly thereafter (AE^ = 99.58 percent
during the active period of operation and AEm = 99.96 percent during the post
closure period). The lower AEn during the initial period of operation can be
attributed to LDS flow from construction water. For units A, B, and C,
calculated AE values during the active period of operation and the post-closure
period may provide a reasonably accurate indication of true liner efficiency for
the conditions at these units during the monitoring periods. It should be noted,
however, that the true efficiency of a liner is not constant but rather a function
of the hydraulic head in the LCRS and size of the area over which LCRS flow
is occurring (the area is larger at high flow rates compared to low flow rates).

Table 4 also presents calculated AE values for waste management units with
geonet LDSs (Landfills D, E, and F). The available data are limited to the initial
period of unit operation. As shown in Table 4, AE^ for the six units with geonet
LDSs is 99.96 percent. This value is much higher than the AEm of liners of cells
with sand LDSs for the same faculty operational period (i.e., 98.60 percent).
This higher efficiency can be attributed to the differences in liquid storage
capacity and hydraulic transmissivity between sand and geonet drainage materials.
A granular drainage layer can store a much larger volume of construction water
and releases this water more slowly during the initial period of operation than
does a geonet drainage layer. This suggests that, during the initial period of
operation, the main source of flow in a sand LDS underlying a composite top
liner containing a GCL is construction water.

Conclusions on Field Performance of Composite Liners Containing GCLs

From Table 2, LDS flows attributable to top liner leakage very from 0 to 50
Iphd, with most values being less than about 2 Iphd. These flow rates are very
low. The data shown in Table 4 suggest that the true hydraulic efficiency of a
composite liner incorporating a GCL may be greater than 99.90 percent. A liner
with this efficiency, when appropriately used as part of an overall liner system,
can provide a very high degree of liquid containment capability.
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SHEAR STRENGTH OF HYDRATED GCLs

Overview

For a recent project, the authors were concerned with the long-term drained
shear strength of hydrated GCLs at normal stresses in the range of 240 to 720
kPa. Drained shear strengths are applicable to long-term design and the range of
considered normal stresses is applicable to conditions in a liner system at the base
of a landfill. A testing program to evaluate the long-term drained shear strength
of GCLs was undertaken and this program is ongoing. To develop interim values
for preliminary design, the authors reviewed and analyzed, available data from the
technical literature on the consolidated-drained (CD) shear strength of GCLs.
The findings of this review are presented below.

Required Deformation Rales to Achieve CD Conditions

To achieve consolidated drained (CD) test conditions, direct shear tests must
be carried out at a very slow rate of shear displacement. The required
displacement rate can be estimated using the well-known time-to-failure equation
specified in American Society of Testing and Materials (ASTM) standard test
method D 3080:

if = 50 tso (Equation 2)

where: tf = total elapsed time to failure(s); and t^ = time required for the test
specimen to achieve 50 percent primary consolidation under the specified normal
stress, or mcrement(s) thereof. Using tf from consolidation tests and an estimated
failure displacement 5,, the required shear displacement rate, dj, can be calculated
using the equation:

dT = 6, / t, (Equation 3)

Shan [1993] performed one-dimensional consolidation tests on the GCL products
Claymax", Gundseal*. Bentomat*, and Bentofix*. He evaluated V values for each
product. The results of his evaluation are provided in Figure 3. With reference
to this figure, at normal stresses in the range of 240 to 720 kPa, tf values are in
the range of about 100 to 400 hours. If it is assumed that a displacement of 25
mm is needed to achieve peak shear stress conditions, a required shear
displacement rale of 0.05 to 0.25 mm/s is calculated. Only test results conducted
at shear displacement rates that satisfy Equations 2 and 3 and the data from Shan
[1993] should be considered to represent CD conditions. Test results at faster
rates will yield lower shear strengths as a result of positive pore pressure
development during the shearing phase of the test.

11
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Figure 3. Relationship between time to failure of GCLs in direct shear tests
and normal stress (from Shan, 1993; Note: 1 psi = 6.9 kPa).

It is noted that direct shear tests on GCLs are often performed in general
accordance with the standard test method ASTM D 5321 ("Determining the
Coefficient of Soil and Geosynlhetic or Geosynthetic and Geosynthetic Friction by
the Direct Shear Method"). This method provides the following guidelines for
selecting shear displacement rates for tests involving soils:

"11.6 Apply the shear force using a constant rate of displacement that is
slow enough to dissipate soil pore pressures, as described in Method D 3080
(Note 9). If excess pore pressures are not anticipated, and in the absence
of a material specification, apply the shear force at a rate of 1 mm/min (0.04
in./min)."

12



The foregoing requirement calls for performing direct shear tests involving soils
at a shear displacement rate in confonnance with ASTM D 3080 if pore pressures
are anticipated. For the soil component of GCLs (i.e. , sodium montmorillonite),
significant pore pressures will certainly be generated if the GCL is sheared at
rates faster than those satisfying Equations 2 and 3. Interestingly, however, most
test data available in the published literature were generated at the default shear
displacement rate of 0.017 mm/s. Data generated at the default shear
displacement rate are considered 10 reflect "undrained" or "partially-drained," and
not "fully -drained," conditions.

Review of Available Information for Unreinforced GCLs

For purposes of shear strength characterization, two different categories of
GCL can be considered: GCLs that do not contain internal reinforcement
(hereafter referred to as unreinforced GCLs) and those that do (hereafter referred
to as reinforced GCLs). Published information relevant to the CD shear strengths
of unreinforced GCLs is very limited. The available information is summarized
below.

• Daniel and Shan [1991] and Shan and Daniel [1991] reported CD direct
shear test results for the GCL product Claymax". Tests were performed
using 60-mm diameter specimens and a shear deformation rate of 5 x
1O* mm/s. Test results have been interpreted herein in terms of "peak
Cp)B and "large-displacement (Id)" normalized shear strengths. Peak
displacements in these tests were 0.5 to 5 mm with the largest
displacement corresponding to the lowest normal stress; the reported
"Id" shear strengths correspond to shear displacements of approximately
6 to 9 mm. Results from the tests are as follows:

34 0.236 13.3° 0.236 13.3°
69 0.238 13.4° 0.209 11.8°
100 0.194 11.0° 0.165 9.4°
140 0.178 10.1° 0.137 7.8°

where: an =» normal stress on the shear plane at failure (kPa); r ~
shear stress on the shear plane at failure (kPa); and 4> = secant friction
angle (dimensionless), calculated as the inverse tangent of T/<TB> It is
noted that ^> should also be interpreted as a measure of normalized shear
strength and not as a "true" indication of internal friction. This data
interpretation is illustrated in Figures 4 and 5.

13
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• Daniel and Shan [1991], Daniel et al. [1993], and Shan [1993] reported
direct shear CD test results for the GCL product Gundseal*. Tests were
performed using 60~mm diameter specimens and a shear deformation
rate of 5 x 10"6 mm/s. Test results have been interpreted herein in
terms of peak and large-displacement normalized shear strengths.
Typical peak displacements in these tests were 2 to 4 mm with the
largest displacement corresponding to the lowest normal stress; the
reported "Id" shear strengths correspond to shear displacements of
approximately 9 to 12 mm. Results from the tests are as follows:

sJkPa} (r/an\ <t>p (r/a^ _^_

27 0.275 15.4°
44 0.300 16.7° 0.231 13.0°
61 0.256 14.4° 0.227 12.8"
100 0.223 12.6° 0.169 9.6°
140 0.181 10.3° 0.164 9.3°

The direct shear test results from Daniel and Shan are plotted in Figures 4
and 5 for "peak" and "large displacement" shearing conditions, respectively.
Regression equations were developed to describe the test results. It is interesting
to note the lesser amount of scatter in The results for the large-displacement
shearing conditions compared to the peak shearing conditions.

The test results in Figures 4 and 5 only cover the stress range between 24
and 144 kPa. Even at these relatively low normal stresses, GCL CD shear
strengths exhibit significant normal stress dependency. A basis is needed for
extrapolating this stress dependency to higher normal stress. This basis was
derived from published information from the soil mechanics literature on the
shear strength of sodium montmorillorute. This information is summarized
below.

• Mesri and Olson [1970] and Olson [1974] reported the results of
constant rate-of-strain CD and consolidated-undrained (with pore
pressure measurement) triaxial compression tests on homiomc sodium
montmorillonite consolidated from a slurry (Figure 6); approximate
effective-stress normalized shear strengths and secant friction angles
derived from the tests are as follows:

72 0.21 12°
170 0.14 8°
340 0.10 6°
530 0.07 46

15
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Figure 6. Effective-stress failure envelopes for calcium and sodium
rnontmorillonite from CD and CU triaxial tests (from Mesri and
Olson, 1970; Note: 1 psi = 6.9 kPa).

• Mitchell [1993] presented residua) shear strength data for
montmorillonite from Kenney [1967] and Chattopadhyay [1972].
Inspection of the residual shear strength data shown in Figure 7 reveals
several significant points:

the residual friction angle exhibits significant stress dependency
over a wide range of normal stress; stated differently the residual
failure envelope is curved over a wide range of normal stress;

there may exist a normal stress above which the residual friction
angle is independent of normal stress; based on Figure 7, this
normal stress may be on the order of 480 kPa for sodium
montmorillonite; and

the residual friction angle of montmorillonite is dependent on the
dominant exchangeable cation and the soil pore chemistry; the
smallest measured residual friction angle given in Figure 7 is 3°
for homionic sodium mononorillonite in distilled water.

The GCL regression lines from Figures 4 and 5 are plotted along with the
Mesri and Olson [1970] data in Figure 8. Reasonable agreement is observed
between the Mesri and Olson data and the extrapolated regression lines for the
unreinforced GCL. Also shown on this figure are the residual shear strengths for
sodium montmorillonite developed by Kenney [1967] and Chattopadhyay [1972]
as reported by Mitchell [1993]. These latter results further support the
extrapolations presented in Figure 8.

16
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Review of Available Information for Reinforced GCLs

The authors were unable to find any information in the published technical
literature on the CD shear strengths of reinforced GCLs at high normal stress.
A few CD tests performed at low normal stress have been reported by Daniel and
Shan [1991] for the product Bemomar*. These results cannot be extrapolated to
higher normal stress, however, due to the current limited understanding of the
effect of reinforcing fibers on the shear displacement-shear resistance-normal
stress relationship for this type of material.

The authors have performed a limited number of consolidated-quick (CQ)
direct shear tests on reinforced GCLs at normal stresses in the range of interest.
Quick tests were performed at a displacement rate of 0.016 mm/s. While not
"truly undrained" due to the lack of boundary drainage control in the direct shear
test, the specimens in these tests will only undergo very limited pore pressure
dissipation during the shear phase of the test due to the high rate of shear
displacement. Due to these pore pressures, CQ tests at a given consolidation
stress will result in lower GCL shear strengths than obtained from true CD tests
at the same normal stress. CQ tests may therefore be considered to provide a
lower bound of the CD shear strength of reinforced GCLs.

The results of the CQ direct shear tests on reinforced GCLs indicate
relatively high peak shear strengths followed by a significant degree of shear
softening (i.e., post peak decrease in shearing resistance). A typical test result
is illustrated in Figure 9. Normalized peak and large displacement shear
strengths, and the ratio of the two (i/<) for a normal stress of 480 kPa are given
below:

Bentomat* 29° 10°(i) 0.32
Bentoiix* 31° 16°(i) 0.48
Claymax® 500SP 13° 6° (A) 0.45

In the above table the downward arrow ( I ) indicates that the GCL shearing
resistance was decreasing at the end of the test (i.e., at a shear displacement of
40 to 50 mm). The \J/ values reported above are low, generally in the range of
0 3 to 0.5. In contrast, ^ values for the CD direct shear tests on unreinforced
GCLs were higher, typically in the range of 0.7 to 1.0. The 4>u values reported
above are somewhat larger than those obtained for the unreinforced GCLs.
However, as noted above, observation of the shear force-displacement plots for
the tests indicates that the shear stresses applied to the sample were decreasing
at the ends of the tests, which typically occurred at a displacement of 40 to 50
mm. This observation, coupled with observations of the tested samples, that the
GCL reinforcing fibers and stitching were still partially intact at the time the test
was terminated, suggests that residual CD and CQ shear strengths of reinforced
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GCLs may not be much larger than those of unreinforced GCLs. Clearly, testing
is .required to establish the large-displacement, high normal stress behavior of
rhese materials, and to identify differences in product behavior based on
differences in montmorillonite properties and reinforcing characteristics.

UJocco
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5
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in

15 20 25 30 35

DISPLACEMENT (mm)

Figure 9. Results of CQ direct shear tests on reinforced Bentofix GCL.

Interim Design Values

Unreinforced GCLs: Based on the information presented in Figure 8, the
authors used the following interim guidelines for performing liner system stability
analyses for long-term drained conditions, for potential slip surfaces that involve
internal shearing of unreinforced GCLs. These guidelines further assume that the
GCL will hydrate through adsorption of water from an adjacent subgrade soil
layer.

• Slope stability analyses are performed using: (i) peak internal GCL
shear strengths and a minimum slope-stability factor of safety of 1.5;
and (ii) large-displacement internal GCL shear strengths and a minimum
slope-stability factor of safety of 1.15.
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Using the regression equation presented in Figure 4, peak normalized
shear strengths are:

96 0.214 12.1°
240 0.157 8.9°
480 0.114 6.5°
720 0.106 6.1°

• Using the regression equation presented in Figure 5, large-displacement
normalized shear strengths are:

a. fkPa) (l/Snlu _£ut_

96 0.178 10.1°
240 0.116 6.6°
480 0.070 4.0°
720 0.052 3.0°

For the large displacement strengths, a minimum friction angle cutoff of 3°
was assumed based on the test results reported by Mitchell [1993], presented in
Figure 7.

The normalized shear strengths given above are relatively low, and their use
may be viewed by some as overconservative. This view should be tempered with
the realization that the large-displacement GCL shear strengths reported in the
technical literature do not represent true residual minimurns (due to the limited
displacement of the direct shear apparatus) and no allowance has been made for
the possible effects of drained creep of the GCL under working stress conditions.
Furthermore, the available CD direct shear test results for unreinforced GCLs
correlate well with the triaxial compression test results for sodium
montmorillonite from Mesri and Olson [1970] and Olson [1974] (Figure 6).
Finally, it is noted that the foregoing approach, which utilizes a smaller slope
stability factor of safety with the large displacement shear strengths than rhe
factor of safety used with the peak shear strengths, is similar to the approaches
advocated by By me [1994] and Stark and Poeppel [1994].

Reinforced GCLs: Recognizing the lack of data on the CD strength of
reinforced GCLs at high normal stress, the complex behavior and high degree of
shear-softening exhibited by these products, the authors utilized the same factors
of safety and GCL long-term shear strengths for reinforced GCLs as for
unreinforced GCLs. It is recognized that this assumption is conservative.
However, given the limitations with respect to the available reinforced GCL test
data (e.g. , the technical literature does not contain any "true" CD direct shear test
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results for reinforced GCLs at high normal stress) and the other factors discussed
above, the authors believe the assumption was prudent.

SHEAR STRENGTH OF GCL-GEOMEMBRANE INTERFACES

Direct Shear Testing Program

For a project located in the desert of southeastern California, the authors
performed 14 interface direct shear tests on unhydrated GCL-textured HDPE
geomembrane interfaces. The tests were performed in a 300 mm x 300 mm shear
box following procedures in general accordance with ASTM D 5321. Three
different GCLs were tested. The geomembrane used in the tests was from a
single roll of material and samples were selected based on visual observation of
a consistent degree of texturing. The tests were carried out in a manner that
allowed shearing either at the GCL interface or internally within the GCL
bentonite layer. Tests were carried out at normal stresses ranging between
approximately 350 and 1,920 kPa. Sliding in the tests consistently occurred at
the interface and not within the GCL. Thus, the test results correlate to interface
failures and at the same time provide conservative lower bound unhydrated shear
strengths for the tested GCLs under the project testing conditions.

Typical test results are presented in Figure 10 and summarized in Table 5.
The tests correspond to two shearing rates, namely 0.016 mm/s and 0.0007
mm/s. Interface friction angles obtained from the tests at the slower shearing rate
are 1 ° to 2° lower than interface friction angles obtained from tests at the higher
shearing rate. The test results also reveal an interface shear strength stress-
dependency with secant interface friction angles 5° to 10° lower at 1,920 kPa
than at 350 kPa. The interfaces exhibited only minor amounts of shear softening
(typically less than 1 to 2°) at test displacements of up to about 50 mm.

Comment on Results

The foregoing interface direct shear test results illustrate the ranges of shear
strengths obtained and several of the factors that affect this strength including
normal stress, displacement rate, and magnitude of displacement.

The authors note that they have observed relatively wide variances in the
degree of texturing of geomembranes. even from a given manufacturer. The
degree of texturing significantly influences the interface shear strength. Thus, the
strength values reported above should not be considered appropriate for design.
Interface shear strengths for design should be established on a project-specific
basis and construction-phase quality control testing should be used to establish
that materials delivered to the construction site can achieve the interface strengths
established during design.
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Figure 10. Results of direct shear tests on unhydrated Bentofix GCL-textured
HDPE geomembrane interface.

HYDRATION OF GCLs ADJACENT TO SOIL LAYERS

Overview of Testing Program

The authors conducted an extensive laboratory testing program to evaluate
the potential for hydration of GCLs placed against a compacted subgrade soil
layer. Hydration tests were performed on three different GCL products to
evaluate the effects of: (i) test duration (i.e., hydration time); (ii) soil initial water
content; (iii) thickness of soil layer; and (iv) overburden pressure. Three
commercially-available GCL products, namely, Claymax*, Bentomat®, and
Bemofix® were used in the testing program. The soil used in the testing program
was obtained from the USEPA GCL Field Test Site at the ELDA-RDF facility
in Cincinnati, Ohio. This material is classified as low plasticity clay (CL) based
on the Unified Soil Classification System (USCS). Tests were performed on two
different soil samples and consistent results were obtained between samples. The
results reported herein were obtained from tests on a sample with 99 percent of
the soil passing the U.S. No. 200 standard sieve and 33 percent smaller than 2
/xm (clay fraction). The liquid limit of the soil is 41 and the plasticity index is
19. The soil has an optimum moisture content (OMC) of 20 percent and a
maximum dry unit weight of 16.7 kN/m3 based on the standard Proctor
compaction method (ASTM D 698).
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Table 5. Direct shear test results of textured 80-mil HOPE geomembrane/unhydrated GCL interfaces*".

to

o
p
T)

I\J

Test Number

1

2

3

4

5

6

7

e
9

10

11
12

13

14

Type of GCL

Benlomat GCL (nonwoven side)

Dentomat GCL (nonwoven side)

Bentomat GCL (nonwoven side)

Bentomat GCL (nonwoven side)

Bentomat GCL (nonwoven side)

BenEomat GCL (nonwoven side)

Beatofix GCL (nonwoven side)

Beniofix GCL (nonwoven side)

Bentofix GCL (nonwoven side)

BeatofU GCL (nonwoven side)

Gundseal GCL (bentonite granules side)

Gundseal GCL (bentoniie granules side)

Gundseal GCL (bentonite granules tide)

Gundsea] GCL (bentoniie granules side)

Normal Stress
(kPa)

350

620

960

960

1.920

1,920

350

620

960

1,920

350

620

960

1.920

Displacement Rale
(mm/s)

0.016

0.016

0.016

0.0007

0.016

0.0007

0.016

0.016

0.016

0.016

0.016

0.016

0.016

0.016

Large Displacemem
Secant Friciion Angle12'

W«°>
24"

24°

23"

22°

19°

17°

28«

26°

23"

21"

34"

29°
27'

24'

Notes: (1) The tests were performed using unhydrated GCLs and In a manner that allowed shearing al the geomembrane/GCL interface, as
well as within the GCL bentoniie layer,

(2) Final displacements in the tests were in the range of 25 to 50 mm.



Testing Apparatus and Procedure

Figure 11 shows the apparatus specially designed to conduct the GCL
hydration tests. The apparatus consists of a polypropylene mold 75 mm in
diameter and 150 mm in height. A geomembrane/GCL/soil composite specimen
is placed in the mold and covered with two layers of a thin vapor barrier. A
loading platen is placed on the specimen for application of overburden pressure.

To process the soil, it was first passed through a U.S. No. 4 standard sieve.
The soil was then moisture conditioned to achieve the desired moisture content.
The moist soil was placed in the mold in a loose condition and statically
compressed to 50-mm thick lifts. The soil was compacted to a dry unit weight
equal to approximately 90 percent of the maximum dry unit weight based on the
standard Proctor method (ASTM D 698). Two soil lifts were used giving a total
thickness of 100 mm. The GCL and geomembrane specimens were carefully
[rimmed from the same sheets. The initial moisture content of the GCL was
measured by taking a small sample from the same GCL sheet and measuring its
weight before and after oven drying. The initial moisture content of the GCLs
varied between 15 and 20 percent.

DOUBLE LATER
MOISTURE
BARRIER

GEOSYhfTHETIC
CLAY UNER

COMPACTED
SOIL

LOADING WEIGHTS
{WHEN APPLICABLE)

LOAD PLATEN

- 4O-MIL TEXTURED
HOPE G60MEM6RANE

. T X 6" LENGTH
PLASTIC CYLINDER

Figure 11. Simplified diagram of GCL hydration test set-up.
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The GCL and geomembrane were placed on the soil and covered with the
vapor barrier. The side of the GCL placed against the soil was woven in the case
of Claymax® and nonwoven for Bentomat* and Bentofix*. Overburden pressure
of 10 kPa was applied on the composite specimen utilizing standard weights
which were placed on the loading platen. The entire apparatus was then placed
in a temperature and humidity controlled room for the desired hydration time
period. At the end of the hydration period, the test specimen was removed and
the water content of the GCL and soil were measured. The final moisture content
of the GCL was measured by weighing the entire GCL specimen before and after
oven drying. The final moisture content of the soil was measured as the average
water content of three samples obtained from the top. middle, and bottom of the
soil specimen.

Testing Conditions and Results

As previously described, test conditions were varied to evaluate the effects
of several factors on the hydration of GCLs. To evaluate the effect of test
duration, tests were performed where the GCL was in contact with the soil for
5, 25, and 75 days. Soil specimens were compacted to initial moisture contents
equal to OMC, 4 percentage points dry of OMC, and 4 percentage points wet of
OMC to evaluate the effect of soil initial moisture content on GCL hydration.

Figures 12, 13, and 14 present the results of the hydration tests for the GCL
products Claymax®, Bentomat®, and Bentofix*, respectively. These figures show
that the moisture content of all three GCLs increased significantly as a result of
contact with compacted subgrade soil. The increase in GCL water content was
significant after only five days of hydration. With increasing time, GCL water
content continued to increase at a decreasing rate. For most tests, GCL water
content reached a maximum value after about 25 days of soil contact and for
some of the tests water content continued to increase even after 75 days of
hydration. It is interesting to note that all three GCL products showed relatively
similar behavior. Increases in water content were comparable for the three GCL
products despite differences in GCL fabric (i.e., woven vs. nonwoven) and types
of bentonite clay used to manufacture the GCLs.

Figures 12, 13, and 14 illustrate the influence of soil subgrade initial
moisture content on the hydration of GCLs. From these figures, it is evident that
the moisture content of the GCL for any particular hydration time increases as the
initial moisture content of the soil increases. These figures also show that a small
increase in soil initial moisture content can have a significant impact on GCL
moisture content. For example, after 75 days of hydration, the moisture content
of Claymax® was approximately 16 percent higher when the initial moisture
content of the soil was equal to OMC than when it was 4 percentage points drier
than OMC. This behavior is expected because more water is available in the soil
for the GCL to hydrate.
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Figure 12. Increase in GCL moisture content due to contact with compacted
subgrade soil: Claymax® with woven geotextile against soil.
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Increase in GCL moisture content due to contact with compacted
subgrade soil: Bentomat® with nonwoven geotextile against soil.
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Figure 14. Increase in GCL moisture content due to contact with compacted
subgrade soil: Bentofix* with nonwoven geotextile against soil.

The examination of the curves shown in Figures 12, 13, and 14 shows that
the lime required for the GCL to reach its final moisture content is less in the
case of a dry soil than in the case of a wet soil. At the lowest soil initial
moisture content tested, GCL moisture content ceased to increase after about 5
to 25 days. At the highest initial moisture content tested, the Bentomat® and
Bentofix* GCLs continued to increase in moisture content after 75 days of
hydration.

To evaluate the effect of soil layer thickness, specimens were prepared using
50. 100, 150, and 200 mm of soil thickness. Soil initial moisture content was 20
percent and dry unit weight was 14.9 kN/m3 for all specimens. Figure 15 shows
the results of hydration tests for ihe Bentofix* GCL after 25 days of hydration.
The GCL moisture content increased with the increase of the soil layer thickness.
However, it appears that only a small change in moisture content increase occurs
for thicknesses greater than 100 mm.

The effect of overburden pressure on GCL hydration is illustrated in Figure
16 for the Bentofix® GCL. As shown in this figure, overburden pressure in the
range of 5 to 390 kPa did not significantly affect the rate of GCL hydration
during the 25-day test duration.
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Summary

From the testing program results described above, the following can be
concluded:

• GCLs will hydrate when placed in contact with subgrade soils
compacted within the range of moisture contents typically found in
earthwork construction specifications; this conclusion is consistent, with
data provided by Daniel et al. [1993); even for the driest soil
(compacted 4 percentage points dry of OMC), GCL moisture contents
consistently increased from an initial value in the range of 15 to 20
percent up to about 40 percent within a 100-day period; it should thus
be anticipated that GCLs placed even against relatively dry compacted
subgrades will undergo substantial hydration;

• given that Daniel et al. [1993] have shown that long-term GCL shear
strengths are insensitive to water content for water contents above about
50 percent, stability analyses involving GCLs placed in contact with
compacted subgrade soils should be based on hydrated GCL shear
strengths;

• significant increases in GCL moisture contents may occur within a few
days of GCL contact with a moist soil; the rate of GCL hydration is
initially highest and then decreases with increasing time;

within the range of conditions tested a higher soil moisture content
results in a higher GCL moisture content;

larger soil layer thickness results in a larger increase in GCL moisture
content, however, for soil layer thicknesses greater than 100 mm only
insignificant increases were observed with increasing soil layer
thickness;

overburden pressure within the range tested (i.e., 5 to 390 kPa) did not
influence the hydration process; and

differences between GCL products tested (i.e., type of bentonite clay
and fabric) did not seem to significantly affect the test results.
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FAILURE OF LANDFILL COVER SYSTEM CONTAINING A GCL

Description of Cover System

The authors recently investigated the failure of a cover system for a
municipal solid waste landfill near Atlanta, Georgia. The failure is described in
more detail by Vander Linde et al. [1995]. The cover system was constructed in
:he fall of 1994 on 3H:1V (horizontal: vertical) side slopes to a maximum height
above surrounding ground of approximately 18 m. The cover system consisted
of. from top to bottom:

• 300-mm thick layer of final cover soil which is classified as silty sand
containing approximately 40 percent fines based on ASTM D 2487, and
which has a hydraulic conductivity in the range of 1Q4 to 10° cm/s;

• stitch-bonded reinforced GCL; and

• 150- to 300-mm thick layer of intermediate cover soil which served as
a foundation for the overlying final cover components.

Failure of System

During the winter of 1995, the cover system experienced several episodes
of downslope movement. The first major episode occurred approximately one
month after the completion of construction; the movement occurred after a three-
day period in which 58 mm of rain fell at the site. The next major episode
occurred six weeks later, after two days of inclement weather generated about 41
mm of rainfall at the site. Total downslope movements exceeded 1 m at some
locations. The observed failure mechanism was sliding of the final cover soil on
top of the GCL.

Analysis of Failure

The episodes of downslope movement both followed periods of extended
rainfall at the site. A slope stability back-analysis of the cover system was
performed which accounted for the influence of rainfall-induced seepage forces
on cover system factor of safety against downslope sliding. The back-analysis
involved two steps:

• estimating seepage forces within the cover soil using several different
calculation methods and parameter values; and

• calculating the resulting slope stability factors of safety for the range of
estimated seepage forces.
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The evaluation of seepage forces involved calculating the water build-up
(i.e.. hydraulic head) within the final cover soil on top of the GCL. Head was
calculated using a methodology developed by Giroud and Houlihan [1995] and
checked using the United States Environmental Protection Agency (USEPA)
Hydrologic Evaluation of Landfill Performance (HELP) computer program
Version 3.03 [USEPA, 1994a, I994b]. The values of head calculated using these
approaches ranged from 150 mm to the full thickness of the cover soil layer, 300
mm.

Calculations to obtain slope stability factors of safety were performed using
the equations presented by Giroud et al. [I995a, 1995b]. An important input to
the equations is the shear strength of the interface between the cover soil and
GCL. Tests to evaluate the shear strength of this interface had not been carried
out as part of the original design. For the back-analysis of the failure, a range
of friction angles (20° to 26°) was considered for the cover soil-GCL interface;
this range likely brackets the actual interface strength and includes the value of
24° originally assumed by the design engineer. Calculations were performed and
the following results were obtained:

Interface Friction Factor of Safety (FS) vs. Hydraulic Head
Angle (degrees) 0 mm 100 mm 200 mm

20° 1.09 0.84 0.60
24° 1.35 1.04 0.73
26° 1.47 1.13 0.80

These calculation results demonstrate the significant impact of seepage forces
on the stability of the final cover soil. Even with the largest assumed interface
strength, only 140 mm of head buildup is required to decrease the slope stability
factor of safety to less than 1.0. Interface shear strength tests performed after the
completion of the back analyses resulted in peak and large-displacement secant
friction angles for the GCL-cover soil interface, at the applicable normal stress,
of 23° and 21°, respectively.

Summary

The primary factor contributing to the observed final cover soil movements
was the build-up of seepage forces in the final cover soil during periods of heavy
rain. Seepage forces were not accounted for in the design. If seepage forces had
been accounted for, the potential for instability likely would have been identified
during preparation of the design. The development of seepage forces in cover
soils is typically minimized by the inclusion of a drainage layer above the low-
permeability barrier component of the cover (in this case, the GCL). A
secondary factor contributing to the movements was a final cover soil-GCL
interface shear strength lower than assumed in the design. An interface friction
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angle of 24° was assumed by the design engineer, based on information provided
by the GCL manufacturer. The actual project-specific interface shear strength
was closer to 21°. This result highlights the fact that actual interface strengths
can only be assessed by project-specific testing; such testing was not performed
for the project.
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PROJECT SPECIFIC SYNTHETIC LEACHATE GENERATION

Soil and geosynthetic materials tested for chemical compatibility purposes during this
testing program were exposed to a project specific synthetic leachate hereon referred to
as synthetic leachate. The synthetic leachate was derived as follows:

• A bulk composite sample consisting of the grab sediment samples CSB-S1, CSB-
S2, CSB-S3, CSB-S4, CSB-S5, CSB-S6, CSB-S7, CSB-S8, CSB-S9 and CSB-
S10, recovered from the project site by O'Brien and Gere Engineers, Inc. in 5-
gallon buckets, was formed by mixing equal portions by wet weight.

• The bulk composite sample was then used to generate the synthetic leachate in
accordance with EPA Toxicity Characteristic Leaching Procedure (TCLP)
extraction procedure, utilizing the standard solution No. 1 (pH=4.93).

• The extraction was conducted in 2-liter volumes and a total volume of
approximately 80 liters of extract was generated in 40 batches.

• All of the extracted liquid was then transferred into a large container creating a
composite extracted liquid, which was then used in the testing program as the
synthetic leachate.

GLI1096/SYNTHETICLEACHATE DOC
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1 1 1 1 1 1 1 1 1 1 1 1 1
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100
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100

100
100

"Y
\
\
\\

\ : ;
\ : •

; : *s_ : : ; ,
-̂̂ .̂

1 0.1 0.01 0.001 0.0001
Grain Size (mm)

Hydrometer Particle
Diameter (nun)

0.050

0.020

0.005

0.002

0.001

too
100

100

100

100

100

% Finer 8U ' /

83

46 fin

18 & .
14 g 50 -— -

Gravel (%):
Sand (%):
Fines (%):

Silt (•/.):
Clay(%):

100

99

Client
Sample

ED.
Clay Liner Soil No. 1

Lab
Sample

No:
AL7852
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0.8 £
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-j^CLor OL/ ----- — -. ——— .- - . - -

13-9 ' ^ "• - ML S MLo,.,-^

Coeff. Unif. (Cu):
Coeff. Curv. (Cc):

Moisture
Content

14.9

0 10 20 30 40 50 60 70 80 90 100 110 120
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Fines Content Atterberg Limits Engineering Classification
< No. 200 LL

99.2 3 1

PL PI

19 12 CL- Lean Clay
Note(s):

Reviewed by: _i_ m\_mt i . ~ I Date: 9/1 1/00
Cuneyt Gokmen, Program Manager



~-^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

Project Name:

Project No:

Client Sample ID:

Lab Sample No:

ASTM D698 COMPACTION MOISTURE-DENSITY RELATIONSHIP
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Reviewed ^y^-«"^pi>"^~~-s~t Date: 9/11/00
Cuneyt Gokmen, Program Manager



CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

FLEXIBLE WALL PERMEABILITY TEST(1)

ASTM D5084 *

Project Name:

Project Number:

Client Project Number:

Client/Site ED:

Sample Number:

Material Type:

Expected/Specified Value:

Sauget Area 1 TSCA LF

GLI1096

URS Job No. C100003 899.00

Clay Liner Soil No. 1

AL7852

SOIL

lE-7cm/s

Specimen

No.

1

2

Test Specimen Initial Conditions

Spec.

Prep.(2)

(-)

R

R

Spec.

Length

(cm)

5.78

5.76

Spec.

Diameter

(cm)

7.27

7.25

Dry Unit

Weight

(Per)

104.4

104.4

Moisture

Content

(%)

16.2

19.3

Test Conditions

Cell

Press.

(psi)

90.0

90.0

Back

Press.

(psi)

75.0

75.0

Consolid.

Press.

(psi)

15.0

15.0

Permeant

Liquid <3)

(-)

DTW

DTW

Average

Gradient

(-)

9.5

9.1

Hydraulic

Conductivity

(cm/s)

1.3E-5

2.0E-6

Notes:
1. Method C, "Falling-Head, Increasing-Tailwater" test procedures were followed during the testing.
2. Specimen preparation: ST = Shelby Tube, R = Remolded, B = Block Sample.
3. Type of permeant liquid: DTW = Deaired Tap Water

* Deviations:
Laboratory temperature at 21±3 °C.
Test specimen final conditions are not presented

AL7852.1&2.FW5084.xIs
Reviewed by:.=SS^*f^~^-*\ Date: 9/11/00

Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS

GeoSyntec-SGI® Laboratory
5775 Peachtree Dunwoody Road, Suite 1 ID

Atlanta, Georgia 30342 • USA
Tel. (404) 705-9500 • Fax (404) 705-9300
Web Site: www.interactionspecialists.com

January 2, 2001

Mr. Gary M. Wantland, P.E.
URS Greiner Woodward-Clyde
7650 West Courtney Campbell Causeway
Tampa, Florida 33607

Subject: Laboratory Test Results Transmittal
Soil Index, Compaction and Permeability Testing
Sample: Clay Liner Soil No. 1

Dear Mr. Wantland;

GeoSyntec Consultants (GeoSyntec) is pleased to present the attached test results for the
above-mentioned project. The note section below addresses sample preparation, sample disposal and
a disclosure statement.

GeoSyntec appreciates the opportunity to provide laboratory testing services for this project.
Should you have any questions regarding the attached document(s), or if you require additional
information, please do not hesitate to contact either of the undersigned.

Sincerely,

Cuneyt Gokmen
Program Manager

H. Swan, Jr.
Laboratory Manager

Attachment

Notes:
(1) Unless otherwise noted in the test results the sample(syspecimen(s) were prepared in accordance with the applicable test standards or generally accepted sampling procedures.
(2) Contaminated/chemical samples and all related laboratory generated waste (Le., test liquids, PPE, absorbents, etc.) will be returned to the client or designated representatives), at the client's cost,
within 60 days following the completion of the testing program, unless special arrangements for proper disposal are made with GeoSyntec.
(3) Materials that are not contaminated win be discarded after test specimens and archived specimens are obtained. Archived specimens will be discarded 60 days after the samples are received at the
laboratory, unless long-term storage arrangements are specifically made with the laboratory.
(4) The reported results apply only to the materials and test conditions used in the laboratory testing program. The results do not necessarily apply to other materials or test conditions. The test results
should not be used in engineering analysis unless the test conditions model the anticipated field conditions. The testing was performed in accordance with general engineering testing standards and
requirements. The reported results are submitted for the exclusive use of the client to whom it is addressed.

GLI1096/SGI00203.TESTCOVLTR.DO€

THE INTERACTION SPECIALISTS^ tJ AMD Rt-CYCl.ABLH
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^̂ -̂  GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

FLEXIBLE WALL PERMEABILITY TEST{1)

ASTM D5084 *

Project Name:
Project Number:
Client Project Number:
Client/Site DO:
Sample Number:
Material Type:

Solutia Site Compatibility Testing / Sauget Area 1 TSCA LF
GLI1096
C100003899
Clay Liner Soil No. 1
AL7852
Soil (Remolded)

Specimen

No.

1

H
yd

ra
ul

ic
 C

on
du

ct
iv

ity
 (c

m
/s)

i 
i 

i

Test Specimen Conditions
Initial
Final

Initial
Final

Spec.
Length

(cm)
7.56
7.54

i

r

-

K

Spec.
Diameter

(cm)
7.17
7.12

Dry Unit
Weight

(pcf)
103.9
105.2

• -

0 50 100

'*« > +

Moisture
Content

(%)
19.3
22.0

•

150 200 250

Porosity
(Note 2)

0.38
0.36

Cell
Press,

(psi)

75.7

*.

300

••*.

Test Conditions
Back
Press,

(psi)

60.7

Consolid.
Press,
(psi)

15.0

' ...»

Permeant
Liquid (3)

SL

Average
Gradient

9.0

1-

350 400 450 500 550 600

Elapsed Time (hours)

* 4 4

Hydraulic
Conductivity

(Note 4)
(cm/s)

2.2E-7

>

650 700 750

*

800 850

H
yd

ra
ul

ic
 C

on
du

ct
iv

ity
 (c

m
/s)

g
 

g
 

g i »
**L^^t^

—, ———— , —
0 0.1 0.2

*~* *++-• » »

0.3 0.4 0.5

-̂ 1

0.6

*^# .P*-»» + +

0.7 0.8 0.9

Pore Volumes (-)

>* 4* * <I***

1 1.1 1.2

* 2 + ̂ _A_-J

1.3 1.4 1.5 1.6 1.7

Notes:
1. Method C, "Falling-Head, Increasing-Taawater" test procedures were followed during the testing.

Test specimen was hydrated, saturated, consolidated and permeated with the project specific synthetic leachate.
2. For porosity and pore volume calculations, specific gravity was assumed to be 2.65.
3. Type of permeant liquid: SL = Project Specific Synthetic Leachate
4. Hydraulic conductivity value reported was calculated based on the average of die last eight measurements.

'Deviations:
Laboratory temperature at 21±3°C. Reviewed by x

AL7852.1.FWPerm.xls
_Date: 12/20/00

Cuneyt Gokmen, Program Manager
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^•^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

FLEXIBLE WALL PERMEABILITY TEST(1)

ASTM D5887 *

Project Name:
Project Number:
Client Project Number:
Client/Site ID:
Sample Number:
Material Type:

Solatia Site Compatibility Testing / Sauget Area 1 TSCA LF
GLI1096
C 100003 899
Bentomat DN
AL7854
GCL

Specimen

No.

1

Test Specimen Conditions
Initial
Final

Initial
Final

Spec.
Thick,
(cm)
0.88
0.63

Spec.
Diameter

(cm)
10.67
10.69

H
yd

ra
ul

ic
 C

on
du

ct
iv

ity
 (c

m
/s)

cn 
ro 

w
£ 

<
b 

6
en

 
\n

 
ee

i i

* *« . + 4t*

Moisture
Content

14.8
114.6

Porosity
(Note 2)

-
0.67

+ * »• *^

Test Conditions
Cell

Press,
(psi)

80.0

Back
Press,
(psi)

75.0

Consolid.
Press,
(psi)

5.0

• ..

Influent
Pressure

(psi)

77.0

Permeant
Liquid (3)

SL

——— , ———— , ____ , ____ , ____ , ____ , ———— , ——
0 50 100 150 200 250 300 350 400 450 500

Elapsed Time (hours)

l.E-08 n

H
yd

ra
ul
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du
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ity
 (c

m
/
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m

f}
 

\n

i

-

f ————

* « tf * *» « f ^

0 0.2 0.4 0.6

* <*> <M> • * • f • «. *

t«

Hydraulic
Conductivity

(Note 4)
(cm/s)

2.3E-9

•

550 600 650

* * 4

0.8 1 1.2 1.4 1.6 1.8

Pore Volumes (-)

> <f 4*

*

700 750

^

2 2.2

0

2.4 2.6

Notes:
1. Method C, "Falling-Head, Increasing-Tailwater" test procedures were followed during the testing.

Test specimen was hydrated, saturated, consolidated and permeated with the project specific synthetic leachate.
2. For porosity and pore volume calculations, specific gravity was assumed to be 2.65.
3. Type of penneant liquid: SL = Project Specific Synthetic Leachate
4. Hydraulic conductivity value reported was calculated based on the average of the last eight measurements.

• Deviations:
Laboratoiy temperature at 21±3°C. Reviewed by :<
AL7854.1.FWPerm.xls

ate: 12/27/00
Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS

GeoSyntec-SGI® Laboratory
5775 Peachtree Dimwoody Road, Suite 1 ID

Atlanta, Georgia 30342 • USA
Tel. (404) 705-9500 • Fax (404) 705-9300
Web Site: www.interactionspecialists.com

January 2,2001

Mr. Gary M. Wantland, P.E.
URS Greiner Woodward-Clyde
7650 West Courtney Campbell Causeway
Tampa, Florida 33607

Subject: Laboratory Test Results Transmittal
Geosynthetic Material Chemical Compatibility Testing
Samples: Geomembrane and Geotextile

Dear Mr. Wantland;

GeoSyntec Consultants (GeoSyntec) is pleased to present the attached test results for the
above-mentioned project. The note section below addresses sample preparation, sample disposal and
a disclosure statement.

GeoSyntec appreciates the opportunity to provide laboratory testing services for this project.
Should you have any questions regarding the attached docurnent(s), or if you require additional
information, please do not hesitate to contact either of the undersigned.

Sincerely,

Cuneyt Gokmen
Program Manager

: H. Swan, Jr.
Laboratory Manager

Attachment

Notes:
(1) Unless otherwise noted in the test results Ihe sample(sXspeeimen(s) were prepared in accordance with the applicable test standards or generally accepted sampling procedures.
(2) Contaminated/chemical samples and all related laboratory generated waste (Le., test liquids, PPE, absorbenfs, etc.) will be returned to the client or designated representative^), at the client's cost,
within 60 days following the completion of the letting program, unless special amngememi for proper disposal are made with OeoSyntec.
(3) Materials that are not contaminated will be discarded after test specimens and archived specimens are obtained. Archived specimens will be discarded 60 days after the samples are received at the
laboratory, unless long-term storage arrangements are specifically made with the laboratory.
(4) The reported results apply only to Ihe materials and teat conditions used in the laboratory letting program. The results do not necessarily apply to other materials or test conditions. The test results
should not be used in engineering analysis unless the ten conditions model the anticipated ne4d conditions. The usting was performed in accordance with general engineering testing standards and
requirements. The reported results are submitted for the exclusive use of the client to whom it is addressed.

OLI1096/SOIOO198 .TESTCOVLTR.DOC

THE INTERACTION SPECIALISTS® RECYCLEn AND RECYC1.ABLB
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CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GRE1NER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD5199

PROPERTY (UNIT): THICKNESS (mm)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1.56
L 1.56

1.62
1.54
1.60

1 62
1.56
1.59
1.55
1.55

1.57
1.55
1.60
1.57
1.61

1.58
1.55
1.63
1.56
1.53

1.57

Standard Percent
Mean Deviation Change

1.58
1.56
1.61
1.56
1.57

0.02
0.01
0.02
0.01
0.04

0.0
-1.6
1.7

-1.6
-0.5

SOT
Specimens

1 2 3 4 5

1.56
1.58
1.60
1.56
1.60

1.62
1.59
1.59
1.56
1.56

1.57
1.58
1.59
1.58
1.56

1.58
1.57
1.61
1.58
1.57

1.57

Standard Percent
Mean Deviation Chance

1.58
1.58
1.60
1.57
1.57

0.02
0.01
0.01
0.01
0.02

0.0
0.0
1.0

-O.d
-0.5

Remarks

23°C
2.0 -, ———————————————————————————————————————————————

1.8

- 1.6

8 1.4 -

1.2 -

1.0- ———————————————— ———————————— —————— ———

^^^^^^ ________ j

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

50°C
2.0 ———————————————————————————————————————— —

1.8 -i

•S- 1.6 H
00
00

0 1.4

1.2 -

1 . 0 - ..._._ . _. ———————

* •« ——— x ——————— X

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

Note: Error bin represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

THICKNESS.SGI.xls
Reviewed by: =^S^s^———. Date: 12/21/00

Cuneyt Gokmen, Program Manager



KS&. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: EPA 9090

PROPERTY (UNIT): NORMALIZED DIMENSIONS (FINAL LENGTH/INITIAL LENGTH)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1 .0000
1 .0004
0.9993
0.9996
0.9992

1 .0000
0.9985
1 .0003
0.9996
1.0001

1.0000
1 .0000
1.0001
1.0000
1.0001

1 .0000
1 .0004
1 .0002
1.0002
0.9988

Standard Percent
Mean Deviation Chance

1.0000
0.9998
1.0000
0.9999
0.9996

0.0000
0.0009
0.0005
0.0003
0.0007

0.00
-0.02
0.00

-0.01
-0.04

50°0'
Specimens

1 2 3 4 5

1 .0000
1.0001
1 .0003
1 .0003
09996

1 .0000
1 .0007
0.9997
1.0007
0.9997

1 .0000
1.0002
0.9993
0.9996
1.0001

1 .0000
1.0013
1 .0003
1.0005
0.9994

Standard Percent
Mean Deviation Change

1.0000
1.0006
0.9999
1.0003
0.9997

0.0000
0.0005
0.0005
0.0005
0.0003

0.00
0.06

-0.01
0.03

-0.03

Remarks

23°C
1.02

CO

9 1.01
VI

1.00

0.99 -

0.98
30 60 90

EXPOSURE PERIOD (DAYS)
120

50°C
1.02

2 i.oi
00

1.00

0.99

0.98
30 60 90

EXPOSURE PERIOD (DAYS)
120

Note: Error ban represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

DIMENSIONS.SGl.xls
Reviewed by: g^ga^s*^—»—.Dale: 12/21/00

Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtret Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA I TSCA LANDFILL
GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: EPA 9090

PROPERTY (UNIT): NORMALIZED DIMENSIONS (FINAL LENGTH/INITIAL LENGTH)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1.0000
1 .0008
) .0003
1.0003
0.9998

1 .0000
1.0004
0.9998
1.0000
1 .0004

1 .0000
1 .0003
1.0002
1.0002
0.9995

1 .0000
0.9999
1 .0003
09996
1 .0003

Standard Percent
Mean Deviation Change

1.0000
1.0004
1.0001
1.0000
1.0000

0.0000
0.0004
0.0002
0.0003
0.0004

0.00
0.04
0.01
0.00
0.00

50°C
Specimens

1 2 3 4 5

1.0000
1.0010
1 .0005
1 .0003
0.9995

1 .0000
1.0002
0.9995
1.0005
1.0001

1 .0000
1 .0005
1 .0003
0.9997
1 .000 1

1 .0000
1.0008
0.9998
0.9999
0.9998

Standard Percent
Mean Deviation Chance

1.0000
1.0006
1.0000
1.0001
0.9999

0.0000
0.0004
0.0005
0.0004
0.0003

0.00
0.0(>
0.00
0.01

-0.01

Remarks

23°C
1.02

2 1.01 -

0.98

1.00- *-

0.99

30 60 90
EXPOSURE PERIOD (DAYS)

120

50°C
1.02

2 1.01
V)

1.00 -

0.99

0.98
30 60 90

EXPOSURE PERIOD (DAYS)
120

Note: Error ban repremt one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

DIMENSIONS.SOl.xls
Reviewed by: : -TDale: 12/21/00

Cuneyt Gokmen, Program Manager



—~-^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS OREINER WOODWARD CLYDE
Cl 00003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
EPA 9090

PROPERTY (UNIT): NORMALIZED MASS (FINAL MASS/INITIAL MASS)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1 .0000
1.0007
1 .0000
0.9990
1.0010

1.0000
1.0034
0.9997
0.9976
1.0007

Standard Percent
Mean Deviation Chance

1.0000
1.0021
0.9998
0.9983
1.0008

0.0000
0.0019
0.0002
0.0010
0.0002

0.00
0.21

-0.02
-0.17
0.08

50°C
Specimens

1 2 3 4 5

1 .0000
1.0027
1.0027
0.9990
1 .0000

1.0000
1.0075
1 .0017
0.9923
1 .0003

Standard Percent
Mean Deviation Change

1.0000
1.0051
1.0022
0.9957
1.0002

0.0000
0.0034
0.0007
0.0047
0.0002

0.00
0.51
0.22

-0.43
0.02

Remarks

C/3

Qw

1
0
2

23°C
l . l O - i —— —— ——— —— - -• ———— ———— ——— - ———— - —

1.08 -

1.06 -

1.04

1.02 -

1.00 -

0.98 -

0.96
0.94 -

0.92 -

0.90 -

_

0 30 60 90 120
EXPOSURE PERIOD (DAYS)
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1.08 i
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% 1.04 -
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1 °'98 "
0 0.96 -

0.94 -

0.92 -
0.90 -

50°C

• -£ — - ^
£

0 30 60 90 120
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Note: Error bars represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

MASS.SGI.xls
Reviewed by: f==f^n * \ \ ———i Date: 12/21/00

Cuneyt Gokmen, Program Manager



^—^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 1 ID, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 2240

PROPERTY (UNIT): HARDNESS (SHORE D)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°c:
Specimens

1 2 3 4 5

60
61
58
62
60

61
62
62
61
61

60
60
60
59
61

61
61
61
59
60

59
62
60
60
60

Standard Percent
Mean Deviation Change

60.2
61.2
60.2
60.2
60.4

0.8
0.8
1.5
1.3
0.5

0.0
1.7
0.0
0.0
0.3

50°C
Specimens

1 2 3 4 5

60
60
59
60
59

61
60
61
60
59

60
62
61
62
60

61
60
58
60
60

59
59
60
59
61

Standard Percent
Mean Deviation Change

60.2
60.2
59.8
60.2
59.8

0.8
1.1
1.3
1.1
0.8

0.0
0.0

-0.7
0.0

-0.7

Remarks
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Note: Error bars represent one standard deviation at mean sample value. C 2000 GEOSYNTEC CONSULTANTS

HARDNESS.SGI.xls
Reviewed by: cZ^s^xz—=3-^ Date: 12/21/00

Cuneyt Gokmen, Program Manager



— "-"-̂  GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtrce Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS OREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD1505

PROPERTY (UNIT): DENSITY (G/CC)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C.'
Specimens

1 2 3 4 5

0.941
0.941
0.941
0.941
0.941

0.941
0.941
0.941
0.941
0.941

0.941
0.941
0.941
0.941
0.941

Standard Percent
Mean Deviation Chance

0.941
0.941
0.941
0.941
0.941

0.000
0.000
0.000
0.000
0.000

0.0
0.0
0.0
0.0
0.0

50°C
Specimens

1 2 3 4 5

0.941
0.941
0.941
0.941
0.941

0.941
0.941
0.941
0.941
0.941

0.941
0.941
0.941
0.941
0.941

Standard Percent
Mean Deviation Chance

0.941
0.941
0.941
0.941
0.941

0.000
0.000
0.000
0.000
0.000

0.0
0.0
00
0.0
0.0

Remarks

23°C
0.945 ———————————————————————————————————————————————

0.944
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0.937 ——————————————————————————————————————————
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0.937 -

50°C

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

Note: Error bars represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

DENSITY.SGI.xls
Reviewed bv:.=^r^Tv.--K->-=g~i Date: 12/21/00

Cuneyt Goktnen, Program Manager



£=», GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 1 ID, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: EPA 9090

PROPERTY (UNIT): VOLATILES LOSS (%)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

0.0192
0.0240
0.0309
0.0475
0.0380

0.0284
0.0435
00384
0.0465
0.0377

Standard Percent
Mean Deviation Chance

0.0238
0.0338
0.0347
0.0470
0.0379

0.0065
0.0138
0.0053
0.0007
0.0002

0.0
41.8
45.6
97.5
59.0

50°C
Specimens

1 2 3 4 5

0.0192
0.0499
0.0386
0.0492
0.0413

0.0284
0.0704
0.0475
0.0414
0.0402

Standard Percent
Mean Deviation Chance

0.0238
0.0602
0.0431
0.0453
0.0408

0.0065
0.0145
0.0063
0.0055
0.0008

0.0
152.7
80.9
90.3
71.2

Remarks

3?
CO
CO
O
COW

s

0.10 -,

0.09

0.08

0.07 -

0.06 -

0.05 -
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0.01 -

0.00 -

23°C
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L-^^^^3: *-
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O.io ———————————————————————————————————————————————
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0.01 -

0.00 -— ————— —————————————————————————————————————
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X
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Note: Error ban represent one standard deviation at mean sample value. C 2090 GEOSYNTEC CONSULTANTS

VOLATILES.SGI.xls
pate: 12/27/00

Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
EPA 9090

PROPERTY (UNIT): EXTRACTABLES CONTENT (%)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

0.1682
0.1281
0.2162
0.2219
0.1851

0.1079
0.2236
0.1985
0.1903
0.1933

Standard Percent
Mean Deviation Chance

0.1381
0.1759
0.2074
0.2061
0.1892

0.0426
0.0675
0.0125
0.0223
0.0058

0.0
27.4
50.2
49.3
37.1

50°C
Specimens

1 2 3 4 5

0.1682
0.2995
0.2427
0.2008
0.2016

0.1079
0.2563
0.1689
0.1794
0.2112

Standard Percent
Mean Deviation Change

0.1381
0.2779
0.2058
0.1901
0.2064

0.0426
0.0305
0.0522
0.0151
0.0068

0.0
101.3
49.1
37.7
49.5

Re marks

23°C
0.50

_^ 0.45 --

I" 0.40 -

1 °-35

6 0.30 --u
8 °-25 T
J
^ 0.20 -

U 0.15 -

| 0.10 -
W 0.05

0.00
30 60 90

EXPOSURE PERIOD (DAYS)
120

50°C

30 60 90
EXPOSURE PERIOD (DAYS)

120

Note: Error bars represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

EXTRACT ABLES.SGI.xla
Reviewed by: •=^3gSx2^-a~~> Date: 12/27/00

Cuneyt Gokmen, Program Manager



..Sk. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003 899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTMD638

PROPERTY (UNIT): YIELD STRESS (PPI)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

139-7
139.2
136.3
136.0
135.0

138.2
137.2
143.9
134.7
138.4

139.7
132.6
140.8
137.0
132.9

132.6
134.1
138.4
137.4
136.0

135.2

Standard Percent
Mean Deviation Chance

137.1
135.8
139.8
136.3
135.6

3.1
3.0
3.3
1.2
2.3

0.0
-0.9
2.0

-0.6
-1 .1

50°C
Specimens

1 2 3 4 5

139.7
137.2
141.0
136.2
138.2

138.2
135.2
143.2
138.4
133.2

139.7
134.1
139.5
139.3
132.8

132.6
133.6
143.8
133.1
139.4

135.2

Standard Percent
Mean Deviation Chance

137.1
135.0
141.9
136.7
135.9

3.1
1.6
2.0
2.7
3.4

0.0
-1.5
3.5

-0.2
-0.9

Remarks
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Note: Error bars represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

YSTRS.SGI.xls
Reviewed by: «a- .̂̂ E\ig<—-«K-^ Date: 12/28/00

Cuneyt Gokmen, Program Manager



-*g"—^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003 899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 638

PROPERTY (UNIT): YIELD STRESS (PPI)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

139.2
130.1
141.0
141.5
139.5

L 138.7
132.6
137.5
135.6
138.6

135.7
133.6
130.9
131.9
135.0

135.2
135.7
130.4
132.9
132.3

135.7

Standard Percent
Mean Deviation Chance

136.9
133.0
134.9
135.5
136.4

1.9
2.3
5.2
4.3
3.3

0.0
-2.9
-1.4
-1.0
-0.4

50°C
Specimens

1 2 3 4 5

139.2
140.3
141.1
140.0
139.2

138.7
138.7
134.7
136.2
133.2

135.7
137.7
139.7
134.7
137.2

135.2
137.7
138.3
134.5
134.1

135.7

Standard Percent
Mean Deviation Change

136.9
138.6
138.5
136.4
135.9

1.9
1.2
2.7
2.5
2.8

0.0
1.2
1 . 1

-0.4
-0.7
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Note: Error ban represent one standard deviation at mean sample value. ©2000 GEOSYNTEC CONSULTANTS

YSTRS.SGl.xls
Reviewed bv: ̂ -g^ys^w;—=»-, Date: 12/28/00

Cuneyt Gokmen, Program Manager



— ~^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peacbtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTM D 638

PROPERTY (UNIT): YIELD ELONGATION (%)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

18.18
1839
20.78
19.72
20.95

18.71
17.36
19.74
19.74
17.57

19.80
18.58
19.97
18.21
18.06

19.67
19.96
20.51
19.75
18.33

17.42

Standard Percent
Mean Deviation Chance

18.76
18.57
20.25
19.36
18.73

1.01
1.07
0.48
0.76
1.51

0.0
-1.0
8.0
3.2

-0.2

50°C
Specimens

1 2 3 4 5

18.18
17.50
19.64
1988
] 9.97

18.71
17.73
18.60
19.62
19.08

19.80
17.95
20.15
20.24
19.23

19.67
18.68
17.93
19.88
17.57

17.42

Standard Percent
Mean Deviation Chance

18.76
17.97
19.08
19.91
18.96

1.01
0.51
1.00
0.25
1.01

0.0
-4.2

1.7
6.1
1 1

Remarks
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Note: Error bars represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

YSTRAIN.SGI.xls
Reviewed by: fcS-sp^c .̂-zst Date: 12/28/00

Cuneyt Gokmen, Program Manager



^g—^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
Cl 00003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD638

PROPERTY (UNIT): YIELD ELONGATION (%)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

18.70
19.19
18.08
19.11
18.18

18.91
17.74
17.55
20.54
17.40

17.98
17.88
19.13
19.76
19.37

18.67
17.74
18.47
19.74
17.56

17.65

Standard Percent
Mean Deviation Change

18.38
18.14
18.31
19.79
18.13

0.54
0.70
0.67
0.59
0.89

0.0
-1.3
-0.4
7.6

-1.4

50°C
Specimens

1 2 3 4 5

18.70
19.18
18.01
19.66
19.12

18.91
18.03
19.59
18.95
20.43

17.98
18.39
18.64
20.81
18.22

18.67
17.77
18.72
20.57
19.11

17.65

Standard Percent
Mean Deviation Change

18.38
18.34
18.74
20.00
19.22

0.54
0.61
0.65
0.86
0.91

0.0
-0.2

1.9
8.8
4.6

Remarks
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Note: Error bars represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

YSTRAIN.SGI.xls
Reviewed by: -=^~Y«=W—»-, Date: 12/28/00

Cuneyt Gokmen, Program Manager



.AS.*. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GRE1NER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 638

PROPERTY (UNIT): BREAK STRESS (PPI)
DIRECTION: ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

307.9
265.2
304.6
278.8
270.4

279.7
3028
324.5
262.2
3395

208.9
267.3
297.0
261.3
298.9

326.2
308.4
293.8
264.1
319.8

330.8

Standard Percent
Mean Deviation Chance

290.7
285.9
305.0
266.6
307.2

49.9
22.9
13.8
8.2

29.6

0.0
-1.6
4.9

-8.3
5.7

so°c:
Specimens

1 2 3 4 5

307.9
321.2
265.8
255.9
327.7

279.7
300.3
254.4
246. 1
292.2

208.9
283.0
263.7
277.8
290.3

326.2
248.0
293.0
292.7
314.6

330.8

Standard Percent
Mean Deviation Chance

290.7
288.1
269.2
268.1
306.2

49.9
31.0
16.6
21.1
18.1

0.0
-0.9
-7.4
-7.8
5.3

Remarks

23°C
600

500 -

400

300

200 -

100

30 60 90
EXPOSURE PERIOD (DAYS)

120

600 -

500 -

fc, 400 -
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p 300 -
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1 200 -
m

100

0

50°C

I ______ I_ ___ T_— — ~*

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

Note; Error ban represent one standard deviation at mean sample value. 01000 GEOSYNTEC CONSULTANTS

BSTRS.SGI.xls
Reviewed by: «=^S»S ĵ»3 -̂v Date: 12/28/00

Cuneyt Gokmen, Program Manager



*SmSm. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: CI00003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTM D 638

PROPERTY (UNIT): BREAK STRESS (PPI)
DIRECTION: CROSS-ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

288.1
271.9
260.8
260.6
287.4

273.4
277.4
294.9
277.8
308.0

316.1
303.9
263.8
269.1
310.1

257.6
253.1
282.5
294.9
303.6

267.0

Standard Percent
Mean Deviation Change

280.4
276.6
275.5
275.6
302.3

22.8
21.0
16.1
14.7
10.3

0.0
-1.4
-1.8
-1.7
7.8

50°C
Specimens

1 2 3 4 5

288.1
327.2
298.9
284.4
291.8

273.4
292.7
308.6
276.6
276.4

316.1
270.8
286.9
246.9
303.8

257.6
296.2
315.3
259.2
308.5

267.0

Standard Percent
Mean Deviation Chance

280.4
296.7
302.4
266.8
295.1

22.8
23.2
12.3
16.9
14.3

0.0
5.8
7.8

-4.9
5.2

Remarks

600 -,

500
c-
D-,
fe, 400
CO
CO

p 300 -
CO

1 20° "
03

100

0 -

23°C

£ ———— i ———— i ———— i-— — — ~~~*
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Note: Error birs represent one standard deviation at mean sample value. C1000 GEOSYNTEC CONSULTANTS

BSTRS.SGI.xls
Reviewed by: —•^-~f^>^-j—-, Date: 12/28/00

Cuneyt Gokmen, Program Manager



^—±- GEOSYNTEC CONSULTANTS
Soil-Geosyntbetic Interaction Testing Laboratory
5775 Peachtree Dimwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 638

PROPERTY (UNIT): BREAK ELONGATION (%)
DIRECTION: ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

871.7
749.0
843.4
768.8
736.4

939.0
864.5
894.2
696.2
825.5

823.6
751.6
817.0
705.4
892.8

602.6
8843
803.8
724.6
927.2

910.7

Standard Percent
Mean Deviation Chance

829.5
812.3
839.6
723.7
845.5

134.1
72.1
40.0
32.3
84.1

0.0
-2.1

1.2
-12.7

1.9

50°C
Specimens

1 2 3 4 5

871.7
914.0
726.5
732.5
910.7

939.0
853.2
698.2
704.8
788.6

823.6
801.8
723.2
784.6
787.3

602.6
701.5
800.5
828.2
841.4

910.7

Standard Percent
Mean Deviation Chance

829.5
817.6
737.1
762.5
832.0

134.1
90.0
44.1
54.9
58.2

0.0
-1.4

- 1 1 . 1
-81
0.3

Remarks

23 °C
1500 ———————————————————————————————————————————————
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f£ 900 -

1
w 600 -

CO 300

0 —— ——— ———— ———— ————— ————————————

T ________ T_ _______ x^ " I

1 * ^^^*^^^
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55 900
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0 - -- — - - - - ————

I___ i_ ___|I i ^^^?— —— f-~~~~~~~~ •"•

0 30 60 90 120
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Notes: 1. Break elongation values are calculated based on a gauge length of SO nun (1.97 in.)
2. Eiror bars represent one standard deviation at mean sample value.

O 2000 GEOSYNTEC CONSULTANTS

BSTRAIN.SGI.xls
Reviewed bv:̂ ^sapgb»^^-i Date: 12/28/00

Cuneyt Gokmen, Program Manager



.̂ .̂ .w GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
Cl 00003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTM D 638

PROPERTY (UNIT): BREAK ELONGATION (%)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°c:
Specimens

1 2 3 4 5

840.1
797.2
762.2
737.8
827.5

810.4
818.9
859.2
773.4
865.8

926.5
899.4
777.4
737.8
877.0

764.2
745.0
828.2
797.2
869. 1

778.7

Standard Percent
Mean Deviation Change

823.9
815.1
806.7
761.5
859.8

64.4
64.2
44.9
29.1
22.1

0.0
-1.1
-2.1
-7.6
4.4

50°C
Specimens

1 2 3 4 5

840.1
956.9
841.4
824.9
845.3

810.4
850.6
860.5
817.0
813.7

926.5
790.6
811.7
730.5
892.2

764.2
861.8
890.9
7556
901.4

778.7

Standard Percent
Mean Deviation Chance

823.9
865.0
851.1
782.0
863.1

64.4
68.8
33.3
46.2
41.1

0.0
50
3.3

-5.1
4.8

Remarks

23°C
1500 -

g- 1200 -

2Q̂
 900 -

o
EJ 600 -

0 300 -

0 - ——————————————————————————————————————————————

T T ___*
I I x — — — - — — j-— — •"
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50°C
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^ 900 -
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0 -

-I- I X

r~ * s — — ̂  — —

0 30 60 90 120
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Notes: I Break elongation values are calculated based on a gauge length of 50 nun (1.97 in.)
2. Error bars represent one standard deviation at mean sample value.

© 2000 GEOSYNTEC CONSULTANTS

BSTRAIN.SGI.xls
Reviewed bv:^=:^—> Date: 12/28/00

Cuneyt Gokmen, Program Manager



iSk GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30942

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE: 60 MIL HOPE SMOOTH GEOMEMBRANE
CLIENT SAMPLE ID: GSE 60 MIL HYPERFLEX

GEOSYNTEC SAMPLE NO: AL7853
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTMD638

PROPERTY (UNIT): 2% SECANT MODULUS (l) (PSD
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

40350
40620
36530
37190
36240

37060
40360
36450
39730
39960

39090
36740
33640
44160
44050

42760
36600
43500
34390
34840

36840

Standard Percent
Mean Deviation Chance

39220
38580
37530
38868
38773

2457.4
2208.8
4200.8
4148.0
4128.8

0.0
-1.6
-4.3
-0.9
-1.1

50°C
Specimens

1 2 3 4 5

40350
42700
38800
37270
36970

37060
41710
40030
36900
38500

39090
43620
40950
34960
42740

42760
39320
38840
35100
44670

36840

Standard Percent
Mean Deviation Chance

39220
41838
39655
36058
40720

2457.4
1850.7
1034.9
1197.4
3590.4

0.0
6.7
1 . 1

-8.1
3.8

Remarks

70000 n

0 60000
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Q 40000 -
O

H 30000

W 20000 -
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Notes: 1. 2% secant modulus values are calculated based on the total cross-head displacement and a gauge length of 33 nun (13 in.).
2. Error bars represent one standard deviation at mean sample value.

O 2000 GEOSYNTEC CONSULTANTS

MODULUS.SGl.xls
Reviewed by. cr^apr^s^j--^ Date: 12/28/00

Cuneyt Gokmen, Program Manager



•̂j—-̂  GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 638

PROPERTY (UNIT): 2% SECANT MODULUS (1) fPSIl
DIRECTION: CROSS-ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

41390
34350
40160
36160
43130

39960
41390
37970
39380
37130

42760
40190
40650
34330
40760

30950
41490
41370
35920
38420

39080

Standard Percent
Mean Deviation Chance

38828
39355
40038
36448
39860

4621.5
3388.5
1465.2
2116.9
2647.6

0.0
1.4
3.1

-6.1
2.7

50°C
Specimens

1 2 3 4 5

41390
35130
37170
37710
38940

39960
40040
36580
38990
40240

42760
40160
44220
39590
36450

30950
44670
47370
33110
36390

39080

Standard Percent
Mean Deviation Change

38828
40000
41335
37350
38005

4621.5
3896.7
5313.6
2933.4
1905.8

0.0
3.0
6.5

-3.8
-2 .1

Remarks
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0 60000 -
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w 50000 -

Q 40000 -
O

H 30000 -

a 20000 -
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0 -
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I t s I
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Notes: 1. 2% secant modulus values are calculated based on the total cross-head displacement and a gauge length of 33 mm (1.3 in.).
2. Error bars represent one standard deviation at mean sample value.

O 2000 GEOSYNTEC CONSULTANTS

MODULUS. SGLxIs
Reviewed by: <^=*f=?>&*-~=--^ Date: 12/28/00

Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS OREINER WOODWARD CLYDE
C 100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD1004

PROPERTY (UNIT): INITIAL TEAR RESISTANCE (LBS)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

62.0
64.5
65.5
61.2
62.2

63.1
60.5
65.7
66.9
55.6

593
63.3
55.2
69.9
579

56.0
67.4
60.5
56.8
55.8

63.3

Standard Percent
Mean Deviation Chance

60.7
63.9
61.7
63.7
57.9

3.1
2.9
5.0
5.8
3.1

0.0
5.2
1.6
4.9

-4.7

50°r
Specimens

1 2 3 4 5

62.0
62.7
59.4
57.5
56.6

63.1
65.2
61.6
66.2
59.1

593
57 1
51.9
67.5
59.1

560
59.2
629
599
596

633

Standard Percent
Mean Deviation Change

60.7
61.1
59.0
62.8
58.6

3.1
3.6
4.9
4.8
1.4

0.0
U.3

-2.9
3.4

-3.5

Re narks
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Note: Error bare represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

lNITEAR.SGI.xls
Reviewed by^^^^^^te^--^^^ pate: 12/26/00

Cuneyt Gokmen, Program Manager



,f£&. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtrce Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMF.MBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD1004

PROPERTY (UNIT): INITIAL TEAR RESISTANCE (LBS)
DIRECTION: CROSS-ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

59.7
61.6
599
63.8
55.0

61.2
606
563
705
675

62.5
61.5
60.1
58.6
57.0

63.8
603
63.4
602
55.1

65.9

Standard Percent
Mean Deviation Chance

62.6
61.0
59.9
63.3
58.7

2.4
0.6
2.9
5.3
6.0

0.0
-2.6
--1.3
1.0

-6.3

50°C
Specimens

1 2 3 4 5

59.7
62.9
57.2
65.0
549

61.2
621
62.7
630
64.0

62.5
588
554
605
543

638
55.0
568
65 1
59.5

659

Standard Percent
Mean Deviation Change

62.6
59.7
58.0
63.4
58.2

2.4
3.6
3.2
2.2
4.5

0.0
-4.7
-7.3

1 .2
-7 1

Remarks
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Notes: I. Break elongation values are calculated based on a gauge length of 50 mm (1.97 in.)
2. Error bars represent one standard deviation at mean sample value.

O 2000 GEOSYNTEC CONSULTANTS

INTTEAR.SGI.xls
Reviewed by:f :̂ ^P=>^—*-=--̂ > Date: 12/26/00

Cuneyt Gokmen, Program Manager



^—^- GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

S77S Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 70S 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 4833

PROPERTY (UNIT): INDEX PUNCTURE RESISTANCE (LBS)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

147.2
138.7
132.1
1427
155.9

1463
141 1
1402
1384
1507

1435
141 8
146.3
1445
1484

1384
1405
147.7
141 1
1463

140.9

Standard Percent
Mean Deviation Chance

143.26
140.53
141.58
141.68
150.33

3.67
1.33
7.11
2.59
4.13

0.0
-1.9
-1.2
-1.1
4.9

50°C
Specimens

1 2 3 4 5

147.2
140.3
1468
141 5
147.5

1463
1445
141 8
141 8
1432

1435
1376
141 6
139.7
147.7

1384
1406
1375
141.4
1397

140.9

Standard Percent
Mean Deviation Chance

143.26
140.75
141.93
141.10
144.53

3.67
2.84
3.81
0.95
3.83

0.0
-1.8
-0.9
-1.5
0.9

Remarks
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Note: Error ban represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

PUNCTURE.3Gl.xls
Reviewed by: <=^—g»*ig-^-^-i pate 12/21/00

Cuneyt Gokmen, Program Manager



ŝ.̂ .̂  GEOSYNTEC CONSULTANTS
Soil-Gcosynthetic Interaction Testing Laboratory

577S Peacbtrce Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

60 MIL HOPE SMOOTH GEOMEMBRANE
GSE 60 MIL HYPERFLEX
AL7853
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 3786

PROPERTY (UNIT): HYDRAULIC BURSTING STRENGTH (PSD
DIRECTION: N/A

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

501
483
494
497
518

489
482
480
498
518

490
494
485
489
512

486
498
482
488
522

489

Standard Percent
Mean Deviation Change

491.0
489.3
485.3
493.0
517.5

5.8
8.0
6.2
5.2
4.1

0.0
-0.4
-1.2
0.4
5.4

50°C
Specimens

1 2 3 4 5

501
488
495
510
519

489
485
489
504
529

490
478
491
501
502

486
495
493
497
521

489

Standard Perceat
Mean Deviation Change

491.0
486.5
492.0
503.0

518

5.8
7.0
2.6
5.5

11.4

0.0
-0.9
0.2
2.4
5.4
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Nate: Error ban represent one standard deviation at mean lampfe value. © 2000 GEOSYNTEC CONSULTANTS

BURST.SGI.xls
Reviewed by: "^ ' Date: 12/21/00

Cuneyt Gokmen, Program Manager



GEOTEXTILE



MM^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C 100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD5199

PROPERTY (UNIT): THICKNESS (mm)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

4.58
4.60
4.85
4.48
4.14

4.41
4.82
4.22
4.02
4.38

4.73
4.48
4.51
4.46
4.87

4.49
4.43
492
481
4.59

Standard Percent
Mean Deviation Chanee

4.55
4.58
4.63
4.44
4.50

0.14
0.17
0.32
0.32
0.31

0.0
0.7
1.6

-2.4
-1.3

50°C
Specimens

1 2 3 4 5

4.58
4.51
4.82
4.80
4.31

4.41
5.01
5.00
4.11
4.65

4.73
4.62
4.49
4.42
4.54

4.49
4.38
5.04
4.71
4.47

Standard Percent
Mean Deviation Chanee

4.55
4.63
4.84
4.51
4.49

0.14
0.27
0.25
0.31
0.14

0.0
1.7
6.3

-0.9
-1.3

co 5 +co
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23°C

i- i

30 60 90
EXPOSURE PERIOD (DAYS)

120

50°C

aB
co 5 -

30 60 90
EXPOSURE PERIOD (DAYS)

120

Note: Error ban represent one standird deviation at mean sample value. O 2900 GEOSYNTEC CONSULTANTS

THICKNESS.SGI.xls
Reviewed bvf^-^P >f~~~- ">DBte: 12/21/00

Cuneyt Gokmen, Program Manager



CONSULTANTS
SoU-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342

Pb: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
EPA 9090

PROPERTY (UNIT): NORMALIZED DIMENSIONS (FINAL LENGTH/INITIAL LENGTH)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1.0000
1 0000
1.0000
1 .0000
1 .0000

1 .0000
0.9951
1 .0050
0.9951
1 .0000

1 .0000
1 0000
09951
1 0000
1 .0025

1 .0000
0.9975
1 .0000
1.0049
09976

Standard Percent
Mean Deviation Change

1.0000
0.9982
1.0000
1.0000
1.0000

0.0000
0.0024
0.0040
0.0040
0.0020

0.00
-0.19
0.00
0.00
0.00

50°C
Specimens

1 2 3 4 5

1 .0000
0.9951
0.9901
1.0000
1 .0049

1 .0000
0.9951
1 .0000
1 .0000
1.0000

1 0000
1.0000
1 .0000
1 ,0000
09951

1 0000
0.9927
1 .0049
0.9951
09976

Standard Percent
Mean Deviation Change

1.0000
0.9957
0.9988
0.9988
0.9994

0.0000
0.0031
0.0062
0.0025
0.0042

0.00
-0 4.1
-0.12
-0 1 2
-0.06

Remarks
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Note: Error kin represent we standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

DIMENSIONS.SGI.xls
Reviewed b^.^^^^f^^^——s~~»Date: 12/21/00

Cuneyt Gokmen, Program Manager



— —*- GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXT1LE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
EPA 9090

PROPERTY (UNIT): NORMALIZED DIMENSIONS (FINAL LENGTH/INITIAL LENGTH)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1 .0000
1.0050
1 .0000
1 .0000
1 .0025

1 .0000
1.0050
1 .0000
0.9976
1 .0000

1 .0000
1 .0000
1.0049
1 .0049
1.0025

1 .0000
1 .0049
0.9951
1 .0000
1 0000

Standard Percent
Mean Deviation Chance

1.0000
1.0037
1.0000
1.0006
1.0012

0.0000
0.0025
0.0040
0.0031
0.0014

0.00
0.37
0.00
0.06
0.12

50°C
Specimens

1 2 3 4 5

1 .0000
1 .0000
1 .0000
0.995 1
1 .0000

1 .0000
09951
1 .0049
i .0049
0.9952

1 .0000
0.9951
1 0000
1 0000
0.9951

1 .0000
0.9951
1 0000
1 .0024
1 0049

Standard Percent
Mean Deviation Chance

1.0000
0.9963
1.0012
1.0006
0.9988

0.0000
0.0025
0.0024
0.0042
0.0047

0.00
-0.37
0.12
0.06

-0 12

Remarks
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Note: Error ban represent one standard deviation at mean sample value. 62000 GEOSYNTEC CONSULTANTS

DIMENSIONS. SGLxls
Reviewed by." > Date: 12/21/00

Cuneyt Gokmen, Program Manager



'tSSm. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 1 ID, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
EPA 9090

PROPERTY (UNIT): NORMALIZED MASS (FINAL MASS/INITIAL MASS)
DIRECTION: N/A

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1 .0000
0.9911
0.9934
1 .0036
0.9952

1.0000
0.9923
0.9938
1 .0049
09953

Standard Percent
Mean Deviation Change

1.0000
0.9917
0.9936
1.0042
0.9952

0.0000
0.0008
0.0003
0.0009
0.0000

0.00
-0.83
-0.64
0.42

-0.48

50°C
Specimens

1 2 3 4 5

1 .0000
0.9936
0.9933
1.0035
0.9961

1 .0000
0.9942
09920
1 0066
09946

Standard Percent
Mean Deviation Change

1.0000
0.9939
0.9927
1.0051
0.9953

0.0000
0.0004
0.0010
0.0022
0.0011

0.00
-0.61
-0.73
0.51

-0.47

Remarks
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Note: Errer ban represent mu standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

MASS.SGI.xls
Reviewed by: Date: 12/21/00

Cuneyt Gokmen, Program Manager



,«S£5». GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite HD, Atlanta, Georgia 30342
Ph: (404) 70S 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT: URS GREINER WOODWARD CLYDE
CLIENT PROJECT NO: C100003899.00

CONTACT: GARY M. WANTLAND, P.E.
PROJECT NAME: SAUGET AREA 1 TSCA LANDFILL

GEOSYNTEC JOB NO: GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 4632

PROPERTY (UNIT): GRAB BREAKING LOAD (LBS)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

470.2
422.0
399.7
412.7
473.1

3927
424.5
436.1
432.4
412.7

384.5
4447
462.4
493.2
413.4

460.2 492.0

Standard Percent
Mean Deviation Change

439.9
430.4
432.7
446.1
433.1

48.3
12.4
31.5
42.0
34.7

0.0
-2.2
-1.6
1.4

-1.6

50°C
Specimens

1 2 3 4 5

470.2
429.0
408.5
4479
412.8

392.7
445.5
425.2
465.6
4809

384.5
418.7
485.5
417.6
385.4

460.2 492.0

Standard Percent
Mean Deviation Chance

439.9
431.1
439.7
443.7
426.4

48.3
13.5
40.5
24.3
49.2

().()
-2.0
0.0
0.9

-3 .1

Remarks

23°C
1 AAAIl/lA/

,-, 800 -c/j

3
5 600 -
3
o
g 400 -
a
03 200-

0 -

T •«. I •*•. J- ——— * ——— I ——— i ——— i

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

1000 -i

~ 800 -
COd

BR
EA

K
IN

G
 L

O
A

D
I"

J 
-U

 
O

\
o
 

o
 

o
o

 
o

 
o

 
o

50°C

f-

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

Note: Error bars represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

GRABSTRS.SGI.xls
Reviewed by: t ^-^ Date: 1/2/01

Cuneyt Gokmen, Program Manager



MM. GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 11D, AtUnta, Georgia 30342

Ph: (404) 70S 9500 Fax: (404) 70S 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA I TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 4632

PROPERTY (UNIT): GRAB BREAKING LOAD (LBS)
DIRECTION: CROSS-ROLL

Exposure
Period
(Davs)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

679.7
716.0
613.7
632.8
589.2

673.7
637.0
709.2
656.2
729.0

679.0
661.0
638.0
740.8
723.4

618.0 6985

Standard Percent
Mean Deviation Change

669.8
671.3
653.6
676.6
680.5

30.4
40.5
49.6
56.8
79.1

0.0
0.2

-2.4
1.0
1.6

50°C
Specimens

1 2 3 4 5

6797
633.7
680.7
690.4
682.7

673.7
667.2
652.5
7288
645.9

679.0
703.5
636.7
7154
630.4

6180 698.5

Standard Percent
Mean Deviation Chance

669.8
668.1
656.6
711.5
653.0

30.4
34.9
22.3
19.5
26.9

0.0
-0.2
-2.0
6.2

- 2 5

Remarks
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Note: Error ban represent one standard deviation at mean sampk value. © 2000 GEOSYNTEC CONSULTANTS

GRABSTRS.SGI.xls
Reviewed by:" •~\Date: 12/27/00

Cuneyt Gokmen, Program Manager



.aS-SaW GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 70S 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C 100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GUI 096

MATERIAL TYPE: 16 OZ. PP NONWOVEN GEOTEXT1LE
CLIENT SAMPLE ID: SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN

GEOSYNTEC SAMPLE NO: AL7890
IMMERSION MEDIUM: PROJECT SPECIFIC SYNTHETIC LEACHATE

TEST STANDARD: ASTMD4533

PROPERTY (UNIT): TRAPEZOID TEARING STRENGTH (LBS)
DIRECTION: ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

174.2
187.1
168.2
164.2
173.5

184.0
215.5
158.5
184.5
189.4

210.0
182.5
170.7
169.0
146.1

198.7 172.5

Standard Percent
Mean Deviation Chance

187.9
195.0
165.8
172.6
169.7

16.2
17.9
6.4

10.6
21.9

0.0
3.8

-11.8
-8.2
-9.7

50°C
Specimens

1 2 3 4 5

174.2
197.1
172.2
200.5
188.0

184.0
189.6
158.5
190.2
1850

210.0
177.1
162.5
1532
148.1

198.7 172.5

Standard Percent
Mean Deviation Change

187.9
187.9
164.4
181.3
173.7

16.2
10.1
7.0

24.9
22.2

o.o
0.0

-12.5
-3.5
-7.5
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Note: Error bin represent one standard deviation at mean sample value. © 2000 GEOSYNTEC CONSULTANTS

TRAP.SGI.xls
Reviewed by?"^T^ r : - "r""'~~)Date: 12/27/00

Cuneyt Gokmen, Program Manager



.̂ Sk. GEOSYNTEC CONSULTANTS
Soii-Geosynthetic Interaction Testing Laboratory

5775 Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Pb: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSWTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD4533

PROPERTY (UNIT): TRAPEZOID TEARING STRENGTH (LBS)
DIRECTION: CROSS-ROLL

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

207.0
225.5
270.0
233.3
239.8

262.5
265.8
212.2
214.5
264.0

233.0
264.3
181.7
270.7
218.0

205.6 275.6

Standard Percent
Mean Deviation Change

236.7
251.9
221.3
239.5
240.6

31.8
22.8
44.8
28.6
23.0

0.0
6.4

-6.5
1.2
1.6

50°C'
Specimens

1 2 3 4 5

207.0
238.3
190.0
262.6
241.2

262.5
213.1
273.0
255.7
242.6

233.0
275.5
229.5
224.8
228.8

205.6 275.6

Standard Percent
Mean Deviation Change

236.7
242.3
230.8
247.7
237.5

31.8
31.4
41.5
20.1

7.6

0.0
2.3

-2.5
4 6
0.3

Remarks

500 -,
450 -

jg 400

I3 5 0 '
0 300

1 25°
£ 200 -

f 150 -

£ 100 -
50 -

0 -

23°C

r ^1^

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

50°C
500

450

g 400

a 35°
5 300

200 -

100

50

0

i————t

30 60 90
EXPOSURE PERIOD (DAYS)

120

Note: Error ban represent out standard deviation at mean sample value. © ZOOO GEOSYNTEC CONSULTANTS

TRAP.SGLxls
Reviewed bv:'=!^——~X Dale: 12/27/00

Cuneyt Gokmen, Program Manager



CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

S77S Peachtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C 100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 4833

PROPERTY (UNIT): INDEX PUNCTURE RESISTANCE (LBS)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

235 1
245.6
319.3
287.2
267.6

274.1
247.8
264.2
287.5
297.7

303.4
271.3
259.2
279.6
2774

249.6
285.8
270.3
285.4
250.1

267.6

Standard Percent
Mean Deviation Change

265.96
262.63
278.25
284.93
273.20

25.94
19.34
27.74

3.67
19.86

0.0
-1.3
4.6
7.1
2.7

50°C
Specimens

1 2 3 4 5

235.1
282.2
287.5
305.2
277.4

274.1
266.3
259.7
292.4
283.5

303.4
268.5
284.9
268.5
301.3

249.6
260.6
290.6
274.2
274.7

267.6

Standard Percent
Mean Deviation Change

265.96
269.40
280.68
285.08
284.23

25.94
9.16

14.18
16.85
11.96

0.0
1.3
3.3
7.2
6.9

Remarks
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8 500 -
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| 400

K 300 -
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Note: Error ban represent one standard deviation at mean sample value. O 2000 GEOSYNTEC CONSULTANTS

PUNCTURE.SGI.xls
Reviewed by"~~~~-*""=——°~) Date: 12/21/00

Cuneyt Gokmen, Program Manager



^—^ GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory
5775 Peachtree Dunwoody Road, Suite 1 ID, Atlanta, Georgia 30342

Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003 899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTILE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTMD44910'

PROPERTY (UNIT): PERMITnVITY <sl)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

0.75
0.94
086
1.02
1.00

0.81
0.94
0.91
0.83
0.97

0.78
0.80
0.95
1.07
0.93

0.83

Standard Percent
Mean Deviation Chance

0.79
0.89
0.91
0.97
0.97

0.04
0.08
0.05
0.13
0.04

0.0
12.7
14.4

L_ 22.8
22.0

50°C
Specimens

1 2 3 4 5

0.75
0.85
0.78
0.91
1.10

0.81
0.81
0.87
0.69
0.96

0.78
0.69
0.85
1.02
089

0.83

Standard Percent
Mean Deviation Chance

0.79
0.78
0.83
0.87
0.98

0.04
0.08
0.05
0.17
0.11

0.0
-1 .2
5.2

10.2
24.1

Remarks

23°C
2.0 - ————————————————————————————————————————

1.8 -

1.6 -

"C 1-4

t !-2 -

i 1-0 "
1 0.8 -

g °-6 '
0.4 -

0.2 -
O.o - ———————————————————————————————————————————————

I T— r ————— £ — — — ~~ 1x- — ~~

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

'«

fc
|

1
wa.

50°C
2.0 - ———— - ———————————————— --

1.8 -

1.6 -
1.4 -

1.2 -

1.0

0.8

0.6 -

0.4 -

0.2 -

0.0 - ———

I ^-~—-—-%
T _____ _____ |( ——— —— ——— ~T~ ——
* 1

0 30 60 90 120
EXPOSURE PERIOD (DAYS)

Notes: 1. Permittivity tests were performed at 0.5-in water head across the specimen.
2. Error bars represent one standard deviation at mean sample value.

O 2000 GEOSYNTEC CONSULTANTS

PERMITTIVlTY.SGI.xls
Reviewed by:-^—*=—> Date: 12/28/00

Cuneyt Gokmen, Program Manager



GEOSYNTEC CONSULTANTS
Soil-Geosynthetic Interaction Testing Laboratory

5775 Peacbtree Dunwoody Road, Suite 11D, Atlanta, Georgia 30342
Ph: (404) 705 9500 Fax: (404) 705 9300

CHEMICAL COMPATIBILITY TEST RESULTS
EPA METHOD 9090

CLIENT:
CLIENT PROJECT NO:

CONTACT:
PROJECT NAME:

GEOSYNTEC JOB NO:

URS GREINER WOODWARD CLYDE
C100003899.00
GARY M. WANTLAND, P.E.
SAUGET AREA 1 TSCA LANDFILL
GLI1096

MATERIAL TYPE:
CLIENT SAMPLE ID:

GEOSYNTEC SAMPLE NO:
IMMERSION MEDIUM:

TEST STANDARD:

16 OZ. PP NONWOVEN GEOTEXTBLE
SYNTHETIC INDUSTRIES 16 OZ. NONWOVEN
AL7890
PROJECT SPECIFIC SYNTHETIC LEACHATE
ASTM D 3786

PROPERTY (UNIT): HYDRAULIC BURSTING STRENGTH (PSI)
DIRECTION: N/A

Exposure
Period
(Days)

Control
30
60
90
120

23°C
Specimens

1 2 3 4 5

1004
1104
1015
990
926

845
900
892
919
977

919
901
969

1004
915

913
916

1069
1017
984

921

Standard Percent
Mean Deviation Change

920.4
955.3
986.3
982.5
950.5

56.4
99.4
75.0
43.7
35.0

0.0
3.8
7.2
6.7
3.3

50°C
Specimens

1 2 3 4 5

1004
937

1027
934
951

845
960

1022
921
919

919
858

1025
943
970

913
1092
952
997
964

921

Standard Percent
Mean Deviation Change

920.4
961.8

1006.5
948.8
951.0

56.4
97.2
36.4
33.4
22.8

0.0
4.5
9.4
3.1
3.3

Remarks
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0
J2
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1
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23°C
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Note: Error bars represent one standard deviation at mean sample value. C 2000 GEOSYNTEC CONSULTANTS

BURST.SGl.xls
Reviewed by. *'' I •S^^-s^7 pate: 12/21/00

Cuneyt Gokmen, Program Manager


